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Indicating Controller * 


... the first instrument of this type 
that does not employ a motor or 
other continuously moving parts. 


By employing a beam of light, a mirror galvanometer and 
phototube, the same electronic system which has been so 
successfully utilized in the CELECTRAY design since the early 
thirties, now makes it possible to offer the simplest Pneu- 
matic Potentiometer Controller ever presented to industry. 


AVAILABLE IN SIX MODELS 


On-off. 2. Fixed narrow throttling. 
Adjustable throttling with manual reset. 
Adjustable throttling with automatic reset. 
Adjustable throttling with quick response and 
manual reset. 

Adjustable throttling with quick response and 
automatic reset. 
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A new technique to determine stress 


limits for high-temperature alloys 




































means improved design for high-speed machinery 


This formula for maximum section stress in a » Sy ii _7 MICROSCOPE 
beam has gained new meaning for designers of SPECIMEN 

steam turbines, gas turbines and jet propulsion 
engines. Westinghouse high-temperature fatigue 
equipment will now stress metals at 7200 cycles 
per minute at temperatures up to 1500° F. 
Basically, the equipment is a fixed-cantilever, 
constant-deflection type fatigue testing machine, 
designed for the application of alternating bend- 
ing to a standard specimen. It offers important 
advantages over previously-used equipment for 
high-temperature fatigue testing: 

1; The specimen is easily prepared (see illus- 
tration), contrasted with the former compli- 
cated, highly-machined specimens required by 
other types of fatigue equipment. 

2. An electronic control circuit maintains con- 
stant amplitude: 





Operation is simple: The amplitude is read 
directly through a calibrated microscope mounted 


on the equipment. Heat is supplied by a simple High-temperature fatigue equipment, shows motor and 


bell-type electric furnace; the temperature of specimen assembly with furnace removed. Inset shows 
easily-prepared specimen ready for test. 


which is thermostatically controlled. Mainte- 





nance is negligible. No bearings or other lubrica- 


tion points to service: \ \ ) 4 h 
Your nearest Westinghouse office can give you esting OUSC 





PLANTS IN 25 CITIES... OFFICES EVERYWHERE 





all the facts on this timesaving, accurate achieve- 
ment in high-temperature fatigue testing: 


Westinghouse Electric Corporation, P; O. Box —— 
868, Pittsburgh 30, Pennsylvania. J-08134 
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WENTY years ago, ridicule met the prediction that 
Ins‘rumentation would be recognized not only as a dis- 
inct science and a distinct technology but as a distinct 
ccupalional field on all levels: professional, trade, etc. Now 
pat Instrument Men are organized or being organized on 
arious levels, it ts in order for your editor to “cover” meet- 
the old-established scientific and technical societies 
he belongs. Some day, Instrument Societies, too, .. 





ws 0 


» whic 


ROM Monday morning November 25th to late in the 

evening of Thursday the 29th, the 66th Annual Meeting 
f the American Society of Mechanical Engineers went on 
f numerous rooms on several floors of the Pennsylvania 
otel in New York—but even this huge hotel could not pro- 
ide all the space needed: the principal banquet had to be 
eld at the Hotel Astor; numerous committee luncheons and 
inners were held at the Engineers’ Club and numerous 
mmittee meetings were held in the Engineering Societies 
Building, in the Engineers’ Club and elsewhere. 
Not only space but time was short, so that the first meet- 
ngs of various committees were held Sunday morning the 
4th and the last ones were to be continued until Sunday, 
lecember 2nd—but these were not on the program! 
Three of the ASME’s eighteen Divisions celebrated their 
wenty-fifth Anniversary: the Aviation Division, the Mate- 
ials Handling Division and the Wood Industries Division. 
herefore the program emphasized these three fields of 
esearch and of practical applications. But Instruments 
eaders will be interested to learn: (1) that the ASME’s 
wo-year-old Instruments and Regulators Division* spon- 
ored presentations of papers at no fewer than five sessions; 
2) that papers describing new instruments or new instru- 
ment uses were included in eleven other sessions; (3) that 
mstrument subjects were prominent —as usual—#in the 
imultaneous sessions of the Society for Experimental Stress 
Analysis** at the Hotel Astor; and (4) that the Power Divi- 
ion’s session on Thursday evening was a “Marine Sym- 
bosium” entirely devoted to Automatic Control of Marine 
Power Equipment. 
The printed Program, as usual, was a 5” X 814” paper- 


bound book. This year it had 84 pages! The Speakers’ Index 
becupies five pages and lists no fewer than 240 names! 


Passing now from the statistical to the mental, spiritual, 


political, ethical, juridical and other immaterial aspects, it 


8 worth mentioning that absolute freedom of expression 
within decorum) prevailed at all technical sessions—espe- 


ially at sessions dealing with management and labor, etc. 
*See January 1944 Instruments which was a Special Issue in its 
now there 
re 650. Cause and effect? 

**The SESA and the ASME are of course separate bodies, but 
armoniously codperating as to dates, places and subjects, since 


nany members of the ASME’s Applied Mechanics Division (and 
{ other Divisions) belong also to the SESA. 





Paper limitations having been removed, Instruments is car- 
tying out plans to serve the reader better, to bring the reader 
more information in more usable form. Important new edi- 
torial services will be added as soon as details can be worked 
out; the editorial staff has already been enlarged. Beginning 
in January, the paper used for printing will be 30% heavier 
“e n the war-years paper and the pre-war 85g” X 1134” size 

ill be resumed. Finally, the end of paper rationing enables 
us again to accept subscriptions, both domestic and foreign. 


For rates see page A4. —Richard Rimbach, Publisher 
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Similarly, some of the speeches at the discussionless lunch- 
eons, dinners, etc., presented opposite viewpoints on con- 
troversial topics. To be sure, no program committee invited 
advocates of Communism or Fascism, but there was a 
healthy airing of the different philosophies of Americanism 
—especially when the future of our beloved nation was dis- 
cussed—and several men of prominence in public life did 
not mince their words. We could fill ten pages with extracts 
from such speeches. One fair sample will do in conclusion. 
It is from the speech of Dr. L. A. Hawkins of G.E.: 

“I can see no hope of averting the most horrible of all 
wars except by the establishment of a strong international 
organization to outlaw atomic bombs and enforce their out- 
lawry.... 

“Physical science stands today where Europe stood when 
Columbus announced the discovery of a great new world, 
of unknown dimensions and unknown riches, calling for 
vigorous exploration and development.” 

Dr. Hawkins said he favored the Magnusson bill over the 
Kilgore bill. Of the May-Johnson bill he said that “in its 
original form it was a monstrosity, setting up a Commission 
with unprecedented arbitrary powers, superior alike to the 
law of contracts and Congressional control, placing Ameri- 
can nuclear research in a strait-jacket, while leaving for- 
eign scientists free, and providing savage penalties savoring 
of the Gestapo for violation of the least of its regulations. 

‘“‘All early official utterances and official actions, such as 
the passage by the House of the original May-Johnson bill, 
emphasized an intent to maintain secrecy as completely and 
as long as possible. The distrust of our Allies and lack of 
confidence in the future of U.N.O. which we thus showed 
could evoke only distrust and fear in other nations and 
poison the international atmosphere. 

“It was glorious news that emerged from the Truman- 
Attlee-King conference, that we have turned away from the 
isolationist policy of rigid secrecy, which would surely have 
led to the most direful armament race in history, and have 
agreed to use our temporary advantage to promote the con- 
solidation of a strong international organization, through 
which alone can we hope to find effective outlawry of the 
atomic bomb and peaceful security for the world. 

“If we resolutely turn our backs on defeatism and face 
our problems with courage and with open minds, we can 
glimpse beyond them an inspiring vista of a great new 
world.” 

To which we can say Amen! 
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and thereby registers the end of the eighteenth & 
year of Instruments’ service to users of measure- 
ment and control devices—service to the 


UNITED STATES OF AMERICA 


The entire staff of Instruments wishes you 


A Merry Christmas and a Happy New Year 3 
ceneenemsacacacanaaed 
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HEN Mr. Roberts wrote me 
WV that the Program Committee 
was desirous of having this 
talk, he indicated 2s a subject “Safety 
Controls.” I suggested that the subject 
be changed to “Combustion Protective 
Controls” as it has always seemed to 
me that the term “safety control” was 
misleading and sometimes caused con- 
siderable difficulty by building up in the 
mind of users the idea that protective 
control units, or measures taken for 
protection, would of themselves give 
complete safety regardless of any 
further action on the part of the opera- 
tor or user. As this is far from true, I 
have always felt that such controls 
should be called “protective controls” 
in order to build up in the mind of the 
purchaser and user the idea that the 
devices were merely additional tools to 
assist him in securing complete protec- 
tion for himself and for the equipment 
he was operating. All of you have un- 
doubtedly seen installations in which 
well-designed and fundamentally cor- 
rect equipment has been improperly in- 
stalled or has been used in connection 
with the wrong auxiliaries, with the 
result that the very item which was 
supposed to produce safety introduced 
a hazard. 


In order to discuss combustion pro- 
tective devices, it might be desirable 
to review briefly the need for such de- 
vices and to show why changes over 
the last 15 to 25 years have produced 
such devices and made their application 
almost imperative. In this talk I should 
like to confine myself to protective 
equipment as applied to combustion 
practices and only in connection with 
the combustion of the commonly-used 
fuels, such as coal, oil, gas, and com- 
binations of these. 


When burning coal on an open grate 
with natural draft and a straight flue 
travel, there is scarcely any way in 
which an explosion can be caused. This 
is true whether you are firing manually 
of with automatic stoker equipment. 
Should the stoker equipment stop, the 
fire will simply burn out in place. It 
may damage the grate equipment in do- 
ing so, but would hardly constitute an 
explosion or combustion hazard. 


However, when the process of coal 
combustion is improved by finely pow- 
dering the coal and blowing it into a 
combustion chamber in a stream of air, 
it is easily possible for the mixture to 
be such that combustion is fast and 
complete if there is a flame present; 


* Presented before the New Jersey Society 
for Measurement and Control, Newark, N. J. 
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Combustion Protective Controls’ 


By D. A. CAMPBELL, Manager Industrial Division, The Bryant Heater Co., Cleveland, Ohio picn 


A protective device should at all 
times prevent the introduction of 
combustibles into a furnace or ap- 
pliance unless suitable means are 
present for immediate and continu- 
ous ignition of the combustibles. 
If such 


place, or does not proceed prop- 


ignition does not take 


erly, the protective device should 
at once shut off the fuel and then 
either re-establish the ignition sys- 
tem and, if safe after purging, 
again start the fuel going into the 
furnace, or should warn the oper- 
ator, who can restart manually. The 
operation of such a device should, 
of course, depend only on the pres- 
ence or absence of flame and should 
be independent of ambient temper- 


ature conditions. 


but if ignition is delayed until an un- 
burned accumulation occurs, an explo- 
sion might result. Inasmuch as the pro- 
cess of pulverizing the coal and carry- 
ing the finely divided coal into the com- 
bustion chamber. is more complicated 
than simple grate firing, it immediately 
introduces a requirement for automatic 
machinery, and the desirability of pro- 
tecting against the hazard of delayed 
ignition becomes more and more im- 
perative. 

Considering the combustion of oil, 
somewhat the same process has taken 
place. The simpler type of oil burners 
consisted of nothing but jets which 
more or less satisfactorily broke up the 
oil stream into a spray to permit mix- 
ing with air for combustion. The air 
was usually supplied by natural draft 
and usually in considerable excess so 
that it was not only difficult to secure 
even a combustible mixture, but it was 
also almost impossible to secure an ex- 
plosive mixture. In the attempts to im- 
prove efficiency, various devices were 
developed for more finely dividing the 
oil spray, or practically gasifying it and 
more thoroughly mixing it with air. 
These devices resulted in producing 
mixtures that were capable of almost 
instantaneous combustion. The intro- 
duction of such mixtures in the com- 
bustion chambers led to the necessity 
of continuous ignition because if igni- 
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tion was delayed until the com 
chamber filled with such a mixt; 
resultant explosion was usually gyi” 
serious. A good operator cou | po? 
course, always place such a unit st 
eration and keep it in operat vet 
using reasonable care, but when wash 
desired to do this automatically, jt = 
came more and more difficult to mired 
against the hazard introduced an 
of such a mixture. <Aibe 
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In the combustion of gas, eith 
ural or manufactured, or by-; 
gas of various types, the haza 
much more apparent because these fyel 
are immediately ready for ignition ; 
the right amount of air is mixed wit) 
them, and by their very nature the 
tend to mix immediately if introduce 
in the same chamber with air; wherea 
of course, unvaporized oil might merelj 
fall to the bottom of the chamber wit! 
out mixing with air, and unpulverize 
coal could simply lie on the combustiog 1, ,¢ 
grates. Again it should be noted thaf..t p 
in the early uses of gas, particularly. 
natural gas, no great attention wag] sho 
paid to efficiency or improvements exc 
firing, with the result that open bu quip 
ers, placed through holes in the reside 
of large brick lined combustion chamfiany s« 
bers, were used and the operator wa “Ty 
given considerable latitude to maintai writ 
combustion regardless of efficiency i: on 
volved. However, as time went on it be equip 
came desirable to exactly contro! tem perio 
perature in various industrial process j997 
and to improve combustion efficicncieg ,,.., 
because of rising cost of gas. So bette ¢..4 
and better combustion equipment Wag oo) , 
developed, including completely en 
closed burners and mixing equipment t 
supply exact combustible mixtures 4 
all rates of firing. Automatic ignitio! 
devices and starting devices were addé 
to make the entire process fully aut 
matic. 
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Particularly in the oven and 
temperature furnace field the requir 
ment for protective equipment w4 
made a part of the original spec fica 
tions of new equipment going into ope! 
ation. This was probably because 10! 
of these ovens and low-temper:tu™ 
furnaces were installed in plants " 
which a great many workmen ang + 
workwomen, who had no know 
whatever of combustion practice, “¢! 
required to work in close proximi', ' 
these ovens and to operate ther. ! 
therefore became desirable to © 
these ovens so that they would be «1!!! 
automatic and could be operated b 
least experienced operator with a 
mum of training. The insurance 
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van to study the question of 
1us introduced and to urge the 
otective equipment to reduce 
er and size of the explosions 
van to be rather frequent in 
of equipment. Their labora- 
k up the question of develop- 
ctive equipment where equip- 
s not already available. Un- 
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all; rwrit °s Laboratories, Inc., and the 
ped orat’ cies of the Associated Mutual 
init sura Companies and the Factory 
a surai ¢ Association, as well as the 
“4 re ginee. ng departments of some large 
lly. + sara companies, have gradually 
, ae 't Del ved codes covering specifications of 


otective equipment for many types 




















































































“It is significant to note that al- 
though there were 44 explosions with 
oil-fired equipment, as against 13 for 
gas, and therefore a greater outlay 
in loss payments—it does not neces- 
sarily mean that oil fuels are more 
hazardous than any of the other 
fuels, since a great deal of this may 
be accounted for by the more wide- 
spread use of oil-fired equipment.” 


At this point it might be desirable to 
discuss briefly what a protective de- 
vice should do in connection with in- 
dustrial fuel combustion. In considering 
the combustion of any of the fuels 
which are actually ready for immediate 






























































2 combustion, such as gas, highly-vap- 
‘ ovens and furnaces and have tested G,i70q oil, or careilioni coal, so sc 
d app-oved or disapproved numerous two distinct hazards; one during the 
ithor nagems 0 ered for sale by various com- <tarting-up period and the second dur- 
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zards awe aaa companies have been jazards are much greater if the com- 
hese fuel aon ntal also in # great desl of bustion chamber is maintained below 
ynition ; pucati n of users and have helped 
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on duce te foregoing, that as combustion 
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ments | excellent paper on “Protective 
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he wall@fresident of Wheelco Instruments Com- Indirect pressure-acting gas shut-off valve 
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revenoM been 44 oil-fired explosions, 18 gas- the combustion chamber below the igni- 
0 bette fred explosions and 12 pulverized- tion point. If all portions of the combus- 
“a VM coal explosions. tion chamber are at a very high tem- 
en 
yment 
ures a 
ignitiol & 
re adde a aa 
ly auto | 
ae 
| ——t 
nd low . 
require [ 
nt wa { 
pec fica , 
to ope! 
e rian} H he 
eratun oat 
ant ied | 
Pn an i 3 e | 
wi dee y- ' = 4 = 
ven LY Sal: Ll . 
mity t 1 D ri | 
rer. I ] | | 
ue i a 
e cull | 8 - jm + 
by the | E —-} 
2 ni ‘aoe 5 | 





ross section of direct-acting pressure-operated gas shut-off valve which can only be opened 
manually when both gas and air are above minimum pressure. (Eclipse Fuel Engineering Co.) 
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Showing comparison of simplified circuits 
using electrode and phototube arrangements. 
(Wheelco Instrument Co.) 


perature (2000° F. or above) the igni- 
tion of any quantity of a complete fuel 
mixture is almost instantaneous and 
it is impossible to secure an accumula- 
tion of mixture which might cause an 
explosion. However, if the combustion 
chamber is below the ignition point, the 
chamber might easily become filled with 
combustible mixture which should then 
be ignited by any one of a number of 
means, such as external flame, an in- 
correctly-located pilot flame, a soot de- 
posit which is still above ignition tem- 
perature, or any sort of an electric 
spark. There have been cases where this 
spark has been produced by the opera- 
tor himself or automatic equipment tak- 
ing his place, but due to the delay in 
producing it, instead of merely quietly 
and smoothly igniting the mixture as it 
issued from the burner, it was exploded 
after accumulating in the combustion 
chamber. 

A protective device should, therefore, 
at all times prevent the introduction of 
combustibles into a furnace or appli- 
ance unless suitable means are present 
for immediate and continuous ignition 
of the combustibles. If such ignition 
does not take place, or does not proceed 
properly, the protective device should 
at once shut off the fuel and then either 
re-establish the ignition system and, if 
safe after purging, again start the fuel 
going into the furnace, or should warn 
the operator, who can restart manually. 
The operation of such a device should, 
of course, depend only on the presence 
or absence of flame and should be in- 
dependent of ambient temperature con- 
ditions. 


DEVELOPMENT OF PROTECTIVE 
EQUIPMENT 


In tracing the development of protec- 
tive equipment we find that even before 
automatic control equipment became 
prevalent there were a number of de- 
vices developed which mechanically 
shut off the fuel should any failure of 
the operating equipment occur which 
might lead to a hazardous condition. 
For example, where oil and air are sup- 
plied under pressure for combustion, or 
gas and air are so supplied, there are a 
number of satisfactory units which will 
immediately shut off the fuel, either gas 
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“Type L Visaflame.’’ This device 
radiant energy—infrared as well as visible—on a tiny bimetal coil, but the bulb is made 
of glass which, though transparent to visible light, is practically opaque to infrared radia- 
tions, or “‘dark heat.’’ This property of the glass assures actuation by luminous flame and 
not by the heat of a dark furnace: the flame light concentrated on coil G heats it above 
ambient temperature and causes it to uncoil, carrying movable electrode D into mercury 
pool E. The circuit is then closed between fixed electrode F and movable electrode D. 


(Mercoid Corporation.) 


or oil, should the pressure of the fuel 
drop below a predetermined point, or 
should the air pressure drop below the 
safe point and keep the fuel off until 
manually reset. This means that one 
of the conditions which might develop 
a serious hazard is removed. This is 
because, in general, if ignition is once 
satisfactorily established in a combus- 
tion system, the mixture will continue 
to burn if the fuel and air supply are 
constantly available, but of course 
would stop if either one of them failed. 
A definite hazard would be introduced 
if, after such fuel or air failure and the 
consequent failure of flame, the mix- 
ture supply should be re-established, fill 
the combustion chamber and then be 
touched off. 


Another series of fuel shut-off de- 
vices utilized weighted valves with a 
latch to hold the valve in the open po- 
sition. This latch is combined with a 
magnetic coil in such a way that the 
latch will only hold the valve open as 
long as the coil is energized. By putting 
this coil in series with a pressure 
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Thermocouple shut-off unit. (General Con- 
trols Co.) 


switch in both the fuel and air line and 
taking its electrical supply from the 
same source supplying blowers or fuel 
pumps, a considerable measure or pro- 
tection against low pressure of either 
fuel or air supply, or electric failure, 
is achieved. All of the devices that are 
approved by insurance laboratories re- 
quire manual resetting. 

One of the early attempts to produce 
flame failure protective equipment used 
the thermal expansion principle in 
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Drawings illustrating principle of current flow through flame. 


(Wheelco Instruments Co.) 
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Radio Tube— 


which a heat-sensitive dev; 
ranged in connection with t 
tion system so that it was nx us 
continually maintain a flam nin, 
ing on this device to keep a v 
The obvious difficulty with sy 
vice was that it was not on er 
tive to flame playing directly n 
but also to any heat, such as 1 iate 
from combustion walls, and if su’ ject, 
to temperature beyond its normal « 
pacity, such a device might ‘ake 

permanent set, which, of course, y; 
exceedingly dangerous, as it then key 
the valve open all the time. Howeyey 
many of these units are in use on ope 
types of atmospheric burners on re; 
tively small devices, where they yx 
generally satisfactory. 

Another early attempt in this dire 
tion was the utilization of therm 
couples in place of the expansion ther 
mal units. The electomotive force de 
veloped by these thermocouples whe 
contacted by the pilot flame or maj 
flame was used to hold a valve open. In 
as much as the emf. was very smal 
and was dependent upon the tempers 
ture differential between the therm 
couple and its cold junction, this de 
vice required the operator to manual} 
start the pilot flame, or main flame, us 
ing a by-pass, and hold the valve ope 
until sufficient electromotive force wa 
developed in the thermocouple to con 
tinue to hold the valves. This unit ha 
the great advantage that if the flam 
failed and the valve opened, it was no 
possible for a re-established flame 
any sort, or any other heat source, t 
develop sufficient emf. to open the valvy 
owing to the relatively large emf. r 
quired to open any solenoid valve. | 
other words, a manual operation ws 


required to re-establish flame in cas 


of flame failure. However, it was su! 

ject to lag due to extraneous heat. 
During the past ten years a numbe 

of protective units were developed, in 


cluding several electronic devices whic 
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Application of current-carrying capacity of burner flame w' 
electronic cut-off unit. 


(Wheelco Instruments Co.) 
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the principle of flame conduc- 
f electric current. A small cur- 
rough the flame was amplified 

its changes was used as a 
for operation of control relays. 
levices required that the flame 
grounded and that some sort of 
le or flame-contacting rod be in 
1e to permit carrying the electric 
through the flame. This is ex- 
ly difficult in the case of oil and 


ed-coal firing, as such flames 
sui do not actually contact the 


; or ground, but merely burn in 
suspe ‘sion so that a suitable ground 
was hard to maintain. Further- 

e, the combustion temperatures of 
ames were so high that any type 
‘metal flame-sensing rod which was 


suitable for condueting the actuating 
eurrerit would soon burn up and of 
course throw the system out of com- 


mission. For such applications a suit- 
nstalled photoelectric cell, which 
depends upon the light from the com- 
bustion flame, is used. In order to pre- 
this cell from responding to ex- 
traneous light and thus holding open 
the fuel valve even when no flame is 
esent, means for filtering the light is 
ntroduced, either by use of colored 
filters or adjustable sighting openings. 
There also available a system 
hich utilizes directly the flame con- 
luctivity as a switch for the main 60- 
eyele current at voltages of about 5000, 
than a small electronic current 
vhich must be electronically amplified. 
lhis eliminates the necessity for vac- 
1um tubes but, as at present developed, 
this system is limited in its applications 
mainly to open flames. This non-elec- 
tronie circuit in its simplest form con- 
sists of a high-voltage transformer with 
a sensitive relay in series with its pri- 
lary Winding and a spark gap in series 
ith its secondary winding. The spark 
gap is so adjusted that no current can 
ump the gap unless a flame has been 
established in the gap. When such a 
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The ‘‘Saf-T-Flame’’ gas pilot oper- 
ates on the flame conductivity princi- 
ple. The circuit in its most elementary 
form would consist of a high-voltage 
transformer with a sensitive relay in 
series with its primary and a spark gap 
in series with the secondary. In the 
complete circuit provision is made to 
ignite the pilot burner. Provision is . 
i made ps close the fuel valves in Se ‘i 
case of a short circuit of the high- 
voltage circuit. 

Sensitive relay R1 is in series with the transformer primary. Sensitive relay R2 is energized by 
an auxiliary transformer connected to the secondary of the main transformer. R3 is a line voltage 
relay controlling the fuel valves. When the ignition switch is moved to the } 
can flow directly to the pilot solenoid valve. Current flows also from the supply line through the 
ignition switch to a tap on the transformer primary (black lead), which energizes the trans- 
former to produce a secondary voltage above normal. This voltage is sufficient to cause a spark 
to ignite the pilot. When the switch is released, it moves back to the right, allowing supply 
current to flow through the R/ relay coil to the primary voltage tap (yellow lead) of the trans- 
former. Since the pilot has been lighted, normal high-voltage secondary current will 
through the flame and relay R1 will be pulled in, completing the circuit between R2 and sec- 
ondary of auxiliary transformer (red lead). Closing of R2 completes the circuit to line-volrage- 
operated relay R3, the closing of which energizes both fuel valves. In the event of pilot failure, 
R1 will open, which in turn will release R2 and R3. In the event of a short circuit of 
secondary circuit, the auxiliary transformer will be de-energized, which will release R2 


thereby R3. (The Partlow Corp.) 
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flame has been established, current will 
be drawn from the supply through the 
winding of a sensitized relay to the 


We understand that another type 
electronic unit has lately been develops 
based upon the principle that a flan 


transformer to ground and the relay acts as a rectification device for alte 
will close. The relay contacts control nating current. This arrangement elin 


the fuel valves and consequently when 
the flame is removed between the elec- 
trodes, no current can flow and the 
relay will drop out and the fuel valve 
will close. va 


tion and is somewhat simpler than tl 
other devices mentioned above. 
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Drawings illustrating principle of 
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thermostatic 
hermocouples shut-off. (Wheelco Instrument Co.) 
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Safety shut-off valve, used with safety pilot 
to close supply line to gas or oil burner in 
case of flame failure. (Maxon Premix Burner 
Co.) 


applied to gas and oil fuel, are as fol- 
lows: 

1. The mechanical pressure failure 
devices, such as manufactured by North 
American Manufacturing Company and 
Eclipse Fuel Engineering Company, in 
which weighted diaphragm valves must 
be manually latched open and will only 
stay open when the fuel and air are 
under proper pressure. 

2. The electric latch valve fuel shut- 
off, such as made by Maxon Burner 
Company, General Controls Company, 
Western Products Company and others. 

3. The thermal mechanical units, 
which are quite numerous, include 
various thermal expansion devices 
made up with either bimetal and uni- 
metal elements, and the Visaflame 
manufactured by Mercoid Company. 

4, Thermoelectric type, including 
units manufactured by Brown Instru- 
ment Company, Milwaukee Gas Spe- 
cialty Company, and General Controls 
Company. 

5. Electrical but not electronic units 
based on flame conductivity, such as 
manufactured by the Partlow Corpora- 
tion. 

6. Electronic units based on flame 
conductivity, such as Flame -O - Trol 
manufactured by Wheelco Instruments 
Company, and Protectoglo made by 
Brown Instrument Company. 

7. Electronic units based on flame 
rectification, as manufactured by 
Brown Instrument Company. 

We understand that there is an elec- 
tronic unit being developed which is 
based on the stroboscopic effect of flame 
vibration but not knowing any details 
about it, I cannot describe it for you. 

In considering the type of equipment 
to be used on a particular installation, 
there are several factors which must be 
given proper weight. First, a decision 
should be made as to whether only 
shut-off protection in case of flame 
failure is desired, or whether automatic 
re-ignition is to be incorporated. Almost 
as important as the type of equipment 
is a knowledge of its limitations as 
applied to various combustion systems. 
For example, it would be ridiculous to 
install a thermal expansion type unit 
in a high-temperature closed combus- 
tion chamber. On the other hand, there 
is no particular advantage in using the 
electronic type in case of a simple open 
atmospheric burner with ample second- 
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ary-air conditions because the simpler 
and very much less expensive thermo- 
electric unit will probably meet all re- 
quirements fully. 

In addition to the flame-sensing de- 
vice, it is necessary to use the proper 
shut-off valves to give the type of clos- 
ing desired, both from the viewpoint of 
speed and action and tightness of clos- 
ing. There would not be much use in 
working out a complete shut-off ar- 
rangement if the valves that were 
specified permitted sufficient leakage 
under any condition to offset the ad- 
vantage of complete flame failure shut- 
off. Here it is also advisable to point 
out that unless sufficient protective 
equipment is installed to really do the 
job, there is no advantage in putting in 
the system. In other words, partial pro- 
tection might be, and in many cases is, 
much more dangerous than no protec- 
tive equipment at all. The reason for 
this is that the equipment must either 
be able to function completely without 
the operator, or the operator must be 
trained not to depend on it, and if he 
can’t depend on it there is not much 
use in putting it in. Many cases have 
occurred where only warning signals 
were installed and not fuel shut-off 
equipment. It is doubtful if these so- 








called warning systems ever ; 
for themselves as usually 
warning is given the operato 
where to be found and when 
show up, it is frequently too lat: 
fuel shut-off unit had been incor; 
with the warning, a full meas, 
protection would be afforded. 

This brings up the point that | 
considerable pains are taken to 
oughly and completely sell the ope 
themselves on the advantages ; 
protective equipment, and also t 
press upon them thoroughly the | 
tions of the equipment, not much 
will be gained by its installation. 
operator feels that the protective « 
ment is merely another gadget w} 
will slow down his production if it 
down the fuel, he will work out w 
by-pass it and then when it is 
needed it cannot operate. It is 
times necessary, because of re 
continuity of operation, to insta 
passes around protective equip 
but in such cases these by-passes, 
shunts, should be arranged with 
so that no one except an auth: 
individual in authority can cut out 


protective equipment. This cut-out 


should be full and complete so t 
when the shunt is made the op¢ 
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flame electrode system. Installation diagram showing standard application 
non-automatic relight. (Brown Instrument Co.) 
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nderstands he is operating on his 
d without any protection what- 


\ uming that the correct equipment 
has en selected and that the correct 
quipment is being used, it is also 
n nportant that the installation be 
ma correctly. This sometimes _in- 
relocation of pilot equipment and 
involves proper location of flame 
g equipment, valves and push 
butt 1s, so that when the system is be- 
ng ved the operator’s work is made 
eqsie rather than more difficult. In this 
‘tion I have in mind one instal- 
lation on an oil-fired boiler which re- 
quire: | three men to start it up because 
the various push buttons, lighting 
s; and hand-operated valves were 
lly arranged that no one man 
could have handled them; in fact, two 
men could not handle them so it took 
three to do the job. A comparatively 
imple rearrangement of the equipment 
made it easy for one man to handle 
he entire operation and be protected 
throughout the starting operation. 

It requires a good combination of 
proper selection, correct application and 
well-made installation to eliminate false 
downs. By false shut-downs we 
shut-downs which occur for rea- 
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A. CORRECT METHOD 


Illustrating correct and incorrect method 


Instrument Co.) 


sons outside of actual flame failure. 
Naturally, false shut-downs can be 
eliminated if the various requirements 
mentioned above are fully met. 

You can readily see that the proper 
maintenance of protective equipment is 
exceedingly important. This is par- 
ticularly true of the electric or elec- 
tronie type because, like any electrical 
equipment, it may be subject to failure 
due to corrosion, stray currents, stick- 
ing contacts, or failure of the compo- 
nent parts. Although most of the pro- 
tective equipment is designed so that 
failure of any component part will shut 
down the unit and thus promote safety, 
such failures might cause false shut- 
downs and be exceedingly expensive 
from the operating point of view. Regu- 
and frequent inspection and check 
w |l bring to light any cause for false 
s| ut-down which can immediately be 








remedied. It is well at the time of in- 
stallation to provide means for making 
such checks during operation. Such 
means are the key type shunts or by- 
passes mentioned above. 

All of the foregoing has been quite 
general, but now we will attempt to be 
specific as to some of the Do’s and 
Don’ts in regard to application and in- 
stallation. 

1. Don’t attempt to install a pilot 
and protective unit requiring secondary 
air in a combustion chamber where no 
secondary air is available or where the 
chamber is under more than atmos- 
pheric pressure. 

2. Don’t attempt to use a thermal 
expansion or thermoelectric type unit 
where immediate shut-off is desirable 
because the lag introduced by ambient 
temperature may slow such an opera- 
tion down to as long as five minutes, 
during which time considerable fuel 
can accumulate in the chamber. 

3. Keep in mind that electric equip- 
ment will not operate properly if sub- 
jected to serious moisture conditions. 
This is particularly true of electronic 
equipment, such as used in flame fail- 
ure equipment, where even a slight 
moisture film may cause the equipment 
to operate unsafely by causing current 


B. INCORRECT METHOD 


of sensing rod installation in flames. (Brown 


leakage which imitates flame condi- 
tions. 

4. Don’t assume that you know more 
about the installation than the manu- 
facturer of the equipment and attempt 
to shortcut his installation require- 
ments. Each item of his requirements 
has been carefully developed to meet 
a definite hazard and you cannot expect 
correct operation unless you install the 
equipment according to his directions. 

5. Particularly in the case of elec- 
trical equipment, it is necessary that 
proper voltage be applied, as under- 
voltage may prevent valves from open- 
ing when they should and over-voltage 
may cause them to remain open when 
they should close. 

6. No system will operate safely 
without satisfactory accessory equip- 
ment, so be sure that such parts of the 
installation as solenoid valves, relays, 








Front of gas-fired boiler protected by auto- 
matic flame failure shut-off equipment; non 
automatic relight. (Wheelco Instruments Co.) 


pilots and wiring are not only the best 
procurable but kept in good condition. 

7. In case of difficulty in operation 
don’t condemn the equipment until you 
have really eliminated all the possible 
sources of trouble outside of the equip- 
ment. After a good many years of ex 
perience using electronic protective 
equipment on gas-fired units, I can 
truthfully say that the number of cases 
in which the equipment itself was 
actually at fault were so few I could 
count them on the fingers of one hand. 

8. No flame-failure protective device 
yet developed will do more than check 
one flame at any particular moment. 
This means that multiple burners which 
will not immediately light from one to 
the other require a separate unit for 
each burner. There have been developed 
systems with rotating switches using 
a number of sensing electrodes with one 
flame-failure relay. These tend to be 
complicated and difficult to maintain, 
but are being improved continually. 

In conclusion: 

1. Combustion protective equipment 
is desirable. 

2. As combustion practices become 
more automatic, protection is necessary 
as well as desirable. 

3. Insufficient protection 
more dangerous than none. 

4. Installation and maintenance are 
as important as proper selection and 
good design. 

5. Most new combustion equipment 
being developed will incorporate cor- 
rectly-engineered protective devices or 
arrangements. 

In closing I want to express my ap- 
preciation of the help given me by 
various manufacturers of protective 
control equipment who loaned slides and 
contributed data. These include Partlow 
Corporation, Brown Instrument Com- 
pany and Wheelco Instruments Com- 


pany. 
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Scientific Glass Blowing and 
Laboratory Techniques 


By WILLIAM E. BARR and VICTOR J. ANHORN, Gulf Research & Development Company 


FOREWORD 
N this age of science, nearly everything we use and do has 
| been improved by research. We are well aware of our 

debt to the men who have so raised our standard of liv- 
ing, but few of us realize that their research is absolutely 
dependent on the men who work glass. 

Without glass, the development of our technologic culture 
would certainly have taken a very different course. Its 
unique, well-known chemical and physical properties make 
it a necessity in nearly all lines of experimentation. 

The history of scientific glassware has passed through 
three rather definite stages. From the beginning of science 
to the end of the last century, only the simplest glass appa- 
ratus was known; flasks and retorts and tubes were used, 
and they changed very little in form through the ages. 
Then more complicated unit apparatus was introduced, such 
as all-glass condensers, multiple-necked flasks, and elabor- 
ate automatic extraction devices. These were standardized 
and manufactured for specialized uses, and they were rarely 
altered. Finally, the last quarter century has been marked 
by the development of custom-made glassware. Through 
close cooperation between the workers in and in 
research, | and complicated apparatus, especially 


glass 
large 
designed for the problem at hand, can be built quickly and 
easily. Rubber hose connections have given way to all-glass 
construction, to great advantage, and now it is usual! to 
see a laboratory almost filled with one vine-like piece of 
glass. 


SCIENTIFIC GLASS BLOWING 
AND LABORATORY TECHNIQUES 


N the last decade the task of making glass equipment for 
I use in a modern research laboratory has become increas- 

ingly important. The perfection of certain types of 
glasses has augmented a general demand for glassware 
because of the sturdy equipment that could be made to 
withstand general usage in the laboratory. The scientist, 
especially the chemist, has become dependent upon glass as 
one of the chief materials for the fabrication of containers 
in which his studies are made. The advantage of observing 
the action of various chemical reagents under various tem- 
perature and pressure conditions has been invaluable to the 
research chemist. In general he has also found that some 
glasses are relatively inert toward chemical reagents and 
equipment made of these glasses could be used many -times. 
Because the scientist has come to rely on glass equipment, 
the art of making specialized scientific glassware has become 
a distinct department in the profession commonly called 
glass blowing. 

The term “glass blower” has a broad meaning and usually 
brings to mind the person who at various demonstrations 
makes artistic articles with the dexterity that often seems 
uncanny to the layman. Manual production of glass articles 
by the use of large blowpipes is also called glass blowing. 
A comparatively small group of persons, however, have 
developed the techniques of making equipment for research 
laboratories and it is to this group that the research chem- 
ist is greatly indebted. 

Many research laboratories do not have a sufficient num- 
ber of glass blowers and to carry on their work, numerous 
scientists have found it necessary to do a great deal of the 
simpler glass operations themselves. The skills they acquire 
are usually obtained by courses in glass blowing or by indi- 
vidual practice. It is for this group that the basic principles 
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The purpose of this book is to aid the experimental! ‘st i} 
using glass; it should do so in two ways. First it 
teach him, with moderate practice, to perform the s mp) 
operations himself. Skill in making small seals is noy 
required in many types of laboratory work, because sy 
construction is required very frequently in connection wit! 
assembly, alteration, and repair of apparatus, and a pro. 
fessional glass blower is rarely available on short 1 
In so doing, the experimentalist in no way competes wit 
the expert glass worker, but relieves him for difficult 
Very few scientific workers become highly skilled in worki) 
glass, and it is not necessary that they do, but some knoy 
edge of the art is becoming more and more important 

This book will also help the laboratory worker desig: 
complex equipment more intelligently. The services of ar 
expert glass blower are of little use unless they are unde 
stood by the man who designs and uses the equipment. 
more advanced portions of this book are intended to ex- 
plain what the professional can do, rather than the details 
of how he does it, which can only be learned by 
practice. 

In brief, this book tells about the glass blower’s fires 
which are older than Aladdin’s Lamp, and have alread) 
wrought greater miracles. 


JOHN R. BOWMAN 
Mellon Institute of Industrial Researcl 


which are later outlined will be helpful in learning to do a 
good job of glass blowing. 

The glass blower who makes the equipment for the pres- 
ent-day scientist is one who has spent many hours in devel 
oping the skills and techniques necessary for this kind of 
work. His job is more difficult than the various special 
crafts of forming and making equipment from metals 0! 
plastics because a great deal of his work must be completed 
by hand-working the glass. He has found the burner use 
in heating the glass as the most dependent tool. The adjust 
ment of this burner to give flame temperatures representa- 
tive of the gas that is used as fuel is one of the basic tech 
niques to be learned. 

The choice of the gases which are to be used in 
burner is dependent on the type of glass to be worked. Nat- 
ural gas when used with air will permit the working of 
lime glass or what is commonly known as a type of soft 
glass. The addition of a small amount of hydrogen to t! 
air gives a slightly higher flame temperature. The substi- 
tution of oxygen instead of air gives a fiame temperatur 
which is ordinarily used in working Pyrex (the Corning 
Glass Works trade name of one of the most commonly used 
slasses in the research laboratory). Hydrogen and oxyg n 
when used in the ratio of two volumes of the former and 
one part of the latter, give a very hot flame convenie! ly 
used in working vitreous silica or glasses with a very hizh 


TABLE 1. Commercial Fuel Gases 


Volume Percent 
~ Methane Prop 





Gas B.T.U. per Ho co Plus an 
Cubic Foot Ethane Buta 

Coal Gas 527 58 6 27 0 
Natural Gas 1100 0 0.1 89 2 
Bottled Gas 0 0 0 106 
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Fig. 2. 


ails silicon content. Oxygen and acetylene are also used in work- 


ing these types of glasses. The average heating values and 
compositions of some commercial fuels are given in Table 1. 
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Fig. 1. The temperature distribution in the flames of (a) Meker, 
b) Bunsen, and (c) the acetylene torch. After F. Haber. 


The temperature distribution in the flames of blast burn- 
ers is usually dependent upon the rate of combustion and 
the gases used. The temperature distribution in the flames 
of the Meker and Bunsen burners in which gas is used 
with air is given in Fig. la and 1b, while that of an acety- 
lene torch is given in Fig. le. 


THE GLASS SHOP 


The plan for the glass shop should be carefully considered. 
The work table is most conveniently placed so that the glass 
blower has sufficient room on at least two sides for freedom 
of movement when long sections of tubing are handled. A 
surrounding free space of at least four feet is adequate. 
Since the table is to serve as a work bench, all utilities such 
as gas, oxygen, vacuum and air are located under the edge 
of the table within easy reach of the worker and preferably 
close to the location of the various burners. The respective 
manifolds should be fitted with needle valves for precise 
control. . 

A table of about 6 to 8 ft. in length and 3 ft. in width is 
satisfactory. A height of 38” is suitable for the average 
person, Transite about 34” thick will protect the table top 
from heat and hot glass. Special burners as cross fires will 
require slots in the table top for adjustment. A wooden 
rac< with holes of different sizes is convenient as a holder 
for glass, tools-and stems. A suitable table-top arrangement 
is shown in Fig. 2. The table shown here is supported by 


2” standard pipe joined with crosses and tees. 





Table top arrangement, showing location of valves, burners and tools. 


BURNERS 


Blast Burners: The burner of the Massachusetts Insti- 
tute of Technology type, Fig. 3, is first in the order of im- 
portance in discussing glass blowing fires. This single jet 
blast burner is connected to the gas and oxygen or air lines 
by rubber tubing of sufficient length to allow movement of 
the burner to any position of the working space on the table. 
Three interchangeable jets provide a wide range in flame 
size. The burner is best adapted for small work and all side 
arm seals. 

Air is used with gas in this burner for all soft glass work. 
However, an oxygen and gas mixture is suitable for soft 
glass work if a small quiet flame is used. When laboratory 
resistant glass such as Pyrex is being worked, an oxygen 
and gas mixture must be used. The oxygen jet should ex- 
tend 4%” beyond the outer shell for a minimum flame width. 





- 


type blast 
Precision 


Fig. 3. The Massachusetts Institute of Technology 
burner. (Photograph through the courtesy of the 
Scientific Company ) 
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Special bench burner developed by one of the authors. 





Fig. 4. 


Oxygen and gas flow should be regulated until the combus- 
tion becomes slightly noisy. 

A special bench burner developed by one of the authors 
is shown in Fig. 4. Critical dimensions are given. The base 
is shaped as shown to allow one to place the burner close 
to the edge of the table for side arm work as well as close 
to glass tube supporting rollers. A ball joint at the base of 
the nozzle allows movement in any direction or angle. Reg- 
ulation of gas and oxygen or air flow is controlled by needle 
valves in the respective manifolds below the edge of the 
table. The bore sizes for the three jets are given in Fig. 4. 


CROSS FIRES 
Many types of cross fires are now available, but the lab- 
oratory glass shop needs, in general, are met by just four 


Fig. 5. Cross fires having glass jets, which direct an air stream 
through a flame. 
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types. The fuel control and temperature attained . 


atubing size and glass compositions being worked 


Glass Jet Cross Fires. Cross fires having glass j. 
direct an air stream through a gas flame are ideal ; 
equipment made of lime or soft glass, Fig. 5. The : 
in each bank of burners are made by drawing 13 1 
ing down to a small capillary bore. These jets are n 
conveniently by inserting a small steel needle into { 
and cutting the tip to conform to the same diamet 
cated by the needle test. The tips are not fire 
because of the danger of changing the bore size. 

The adjustment of this cross fire is important 
burner in the bank is lined to converge all flames 
center between the two banks of burners. The gla 
are projected into the gas flame %”. When prope 
justed all flames will converge in the center and ap; 
fan out in a plane of 90° to the plane of the ‘¢ts in 
a narrow working range. Should it be necessary to fab: 
micro equipment with Pyrex-brand glass, the glass j¢ 
be replaced with fused quartz jets permitting the 
oxygen instead of air. 

Tubular Jet Cross Fires. The tubular jet cross i 
best suited for work in which the prime requisite is a fixed 
nonadjustable flame. This cross fire with 2 to 12 jets o 
each side may be procured with gas valves on each jet, It 
is commonly used on automatic sealing machines and js 
shown in Fig. 6. 

Laboratory Cross Fire. A cross fire developed by one of 
the authors for laboratory work is shown in Fig. 7. It is 
an adaption of the Massachusetts Institute of Technolog; 
blast burner modified to converge flames more suitably 1 
cross flames. Unnecessary metal has been eliminated ani 
general overall dimensions are supplied. 

This versatile cross fire meets all the requirements in th 
manual handling of glass. Tubing up to 51 mm. in diameter 
is conveniently worked by using only the 2 center jets on 
each side. When larger tubing with diameters from 51 t 
100 mm. is being worked, it is necessary to use all jets on 
both sides. More even heating is also obtained if a single 
jet blast burner is placed directly below the point of cross 
fire flame convergence. 

The Oxygen and Gas Cross Fire. The oxygen and gas 
burner shown in Fig. 8 provides a very hot flame which is 
excellent for working Pyrex glass. A mixer and flash sto 
device are necessary on this type of burner. If machine sho; 
facilities are not available, this type of burner can be pur- 
chased from manufacturers of glass working apparatus. 

Economizer Valve. An economizer shown in Fig. 9 should 
always be used with cross fires because at times it is nec- 


essary to shut down the working fire to allow centering 


and adjusting of the glass being worked. The economize 
is essentially a rotary slide valve and is conveniently oper- 
ated by a foot treadle permitting the use of both hands 1! 
handling or rotating the glass. 


HAND TORCHES 


Hand torches are very useful when glass systems are \ 
ing assembled. In this work many seals have to be made 1! 


Fig. 6. Tubular jet cross fires. 
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Fig. 7. Laboratory cross fire. 








#45 DRILL 
17" 
32 ORILL 











TO FOOT 








£ |.P.S. BRASS PIPE 


very close quarters prohibiting the use of the blast burner 
because of its size. Hand torches also are more conveniently 
used in tip-off work of small tubulations on large vacuum 
jackets. Three torches will suffice for all the general work 
in the glass shop. 

Hoke Jewel Torch. Small work, particularly capillary 
seals are best made with this torch. Interchangeable tips 
for different flame sizes are usually supplied with the torch. 
It is also useful in brazing and silver solder work. The torch 
is shown in Fig. 10. 

Litton Hand Torch. The Litton torch has a swivel head 
and is shown in Fig. 11. It allows close working in making 
system seals. Higher temperatures for larger seals are 
obtained with a multiple head torch made by the same 
manufacturer. 

Oxy-Acetylene Torch. Vitreous silica can be handled like 
ordinary laboratory resistant glass to a reasonable extent 
with the oxy-acetylene torch. Numerous types of good 
torches are available. About 6 different tip sizes are neces- 
sary. This torch can be mounted by suitable clamps when 
a stationary flame is required. 


RIBBON FIRE BURNERS 


The glass blower frequently must make large sweeping 
bends and, although a large flame in the blast burner can 


The oxygen and gas burner which provides a very hot flame. 


Fig. 9. Economizer valve for use with 
cross fires, 








Ly 

be used, these bends are more conveniently made with the 
ribbon flame. A slide on the burner, shown in Fig. 12, per- 
mits adjustment of flame width from a fraction of an inch 


to the overall width up to 18 inches. This burner is partic- 
ularly useful to the “sign bender.” 


Fig. 10. The Hoke jewel torch. 


THE ANNEALING AND PREHEATING BURNERS 


Annealing Burner. The annealing of glass in a flame is 
one of the necessary and important duties of a successful 
glass blower. Numerous strains result in working glass espe- 
cially when ring seals and connections are made very close 
together. It is essential from a standpoint of durability that 
the strains are reduced in magnitude. A good annealing 
burner is thus an important tool in the routine of working 
glass. 

The annealing burner shown in Fig. 13 will furnish a 
large bushy flame for uniform heating. Two brass tubes are 
silver soldered to a common base and act as large jets. 
Although sufficiently high temperatures for average work 


swivel head permitting close 


Fig. 11. Litton hand torches with 
working in making system seals. 
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Fig. 12. Ribbon flame burner with slide which permits adjustment 
of flame width. 
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Fig. 13. Annealing burner which furnishes large bushy flame for 

uniform heating. 
are obtained by air and gas, the temperature range may be 
extended by bleeding oxygen into the air line. The burner 
should be fitted with globe valves which allow instant open- 
ing for rapid heating to prevent cracking while transferring 
glass from blast burner to the annealing flame. Location of 
the annealer within reach of the blast burner or cross fires 
also minimizes loss of heat in the transfer of glass to be 
annealed. 


Preheating Burner. The circular flame of a shielded 
Argand burner is excellent for preheating or maintaining 
near working temperatures of complex seals which are to 
be sealed to other glass sections. The location of this burner 


| 


} | 


Fig. 14. Argand burner with shield at left, and at right, without 


shield. 
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should be within easy reach but preferably at the 
the table. A small forked support near the burner 
in holding the glass which is being heated. This by 
shown in Fig. 14. 


GLASS WORKING TOOES 


Although many tools may be used in working glass 
it is being shaped or joined, five tools are sufficient fo; 
work. 


Forceps. A balanced steel forceps with an overall] 
of 10” is shown in Fig. 15a. Transite handles serve as 
ble insulation. 


Shaping Tools. Two shaping tools with round T;, 
handles are shown in Fig. 15b. The shaping ends are 
of graphite. 


Flaring Tools. Two flaring tools are shown in Fig 
The small flaring tool is made of brass with a Tr: 
handle. Beeswax should always be used on the metal fi 
tool to prevent adherence of glass. The larger flarin; 
is graphite with a Transite handle. 


Blowing Tubes. The glass worker frequently has to }! 
glass; in fact he has found that by repeated collapsing and 
expanding of fused glass more durable seals can be made 
Such a procedure also tends to give even thickness of glass 
To permit blowing, several tubes should be made consisting 
of a glass mouthpiece, rubber tubing of sufficient length 
and a swivel. The swivels, fabricated from aluminum, permit 
rotation of the glass without twisting the rubber tubing 
leading to the mouthpiece. Two different swivels are desir 
able and are shown in Fig. 16. 


Adjustable Rollers. Long and heavy tubing is more easily 
worked by using adjustable rollers which permit rotation 
of the glass in the blast burner or cross fire flame with a 
minimum effort on the part of the glass worker. The set 
of rollers shown in Fig. 17 utilizes an extension for perfect 
and rigid alignment, eliminating the necessity of two sets 
This double roller is mounted on a heavy base to minimize 
shifting tendencies while in use. The rolling surfaces which 
contact the glass are fabricated from Transite and are ad- 
justable to various tube sizes. Critical dimensions are given 
in the drawing. 

GLASS COMPOSITIONS 


The glass blower and the scientist alike should be familiar 
with the physical and chemical properties of glass. Several 
books and numerous articles have been published in which 
studies of various glasses are given. The book “Properties 
of Glass” by George W. Morey! is especially recommended. 

The trend in research toward finding a perfect glass has 
been promising in the last thirty years. Pyrex-brand glass 
first appeared in 1915 as a product of the Corning Glass 
Works and is almost exclusively used at present in the fab- 

1Morey, G. W., “The Properties of Glass,” Reinhold Publis! 
ing Corp., New York, 1938, Chapter I, page 32. 
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Fig. 15. Glass working tools; (a) forceps, (b) shaping cools, (c) flaring 
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- on of equipment for the laboratory. In 1939 H. P. 
Ho and M. E. Nordberg of Corning Glass Works developed 
ess in which a glass of 96% silica content is made. 
Thi glass is comparable to vitreous silica in withstanding 
1e thermal shock and with its higher softening point 
has ven the scientist an additional durable glass for scien- 


tifi. quipment where relatively high temperatures are used. 


( ass, according to Morey}, is defined as follows: “A glass 
inorganic substance in a condition which is continuous 
and analogous to, the liquid state of that substance, 
1ich, as a result of having been cooled from a fused 
con’ ‘ion, has attained so high a degree of viscosity as to be 
for | practical purposes rigid.” In this definition it is.in- 
ferr. | that glass has no definite solidification or freezing 
poin , but has attained solid characteristics through a tre- 
men ous increase in viscosity and not through the process 
of crvstal formation. 


Glass compounding is best understood by phase equilib- 
rium studies of the numerous systems of glass-forming 
components. Certain combinations of inorganic compounds 
have been found to give good laboratory glasses and only Fig. 16. Swivels to permit rotation of th lass when blowin 
throu.gh a thorough study of the phase relationships at vari- p> tem twisting the abies tubing. ipentenanh pole of Eisler 
ous temperatures can one become familiar with the phase Engineering Co.) 
changes to be expected in working the glass. It will suffice 
here to mention some of the more important glass-forming 
compounds and to briefly point out the advantages in using 
some of them in compounding glass. 


The most important inorganic compounds in making lab- 
oratory glasses are the oxides of silicon, boron, aluminum, 
sodium, potassium, calcium, magnesium, lead, barium, zinc 
and iron. Silicon dioxide (SiO2) is the basic component in 
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easily § nearly all laboratory glass ranging from 65% to 100% 

tation fF of the total glass. Because of the high melting temperature 

vith af of silica (1710°C.) it has been found advantageous to add 

he set # oxides of boron, aluminum, sodium and potassium to lower 

erfect # the liquidus temperature, a temperature above which no 

> sets. § crystallization can take place. However, the addition of 

nimize the latter two oxides has a tendency of increasing the co- re. — 

which ff efficient of expansion and glasses containing large amounts : a Cb a “4 

re ad- of these substances are also subject to attack by water and ae 

given @ acids. It has been found advantageous to use only small Fig. 17b. Electrically driven rollers for even and uniform heating 
amounts of the oxides of sodium and potassium. Alumina in (Photograph courtesy of Fisher Scientific Co.) 

a small quantity gives the glass a greater chemical stability teresting to note that the development of laboratory glass 
niliar fg 224 lowers the coefficient of expansion. is shown in this table and that all glasses contain numerous 
sveral The compositions of various laboratory and resistant components. Pyrex-brand glass which is most widely used 
which @ glasses according to Morey! are given in Table 2. It is in- in the laboratory is characterized by a very high silicon 
erties 
nded. 

s has 
glass 
Glass 
> fab- 




















| 
| 
| 
| 
; 
| 
| 
' 
| | 





Fig. 17a. Adjustable rollers used for working long and heavy tubing. 
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dioxide content, and yet it has the lowest liquidus tempera- glass and if a supply of oxygen is not availa} it get! 
ture of any glass having such a high content of this oxide. necessary to use this glass because it can be readil) rked ma 
It is because of this fact that the glass blower has very with air and gas. exD: 
little devitrification trouble in working Pyrex-brand glass. Lead glass is being used extensively in rare gay ‘ybesff Co! 
Lime-soda glass is still used in many types of graduate and fluorescent lighting. It is particularly useful] they bets 
vessels. Equipment which is subjected to thermal shock glass to metal seals required in their constructio: This A 
should not be made of this type glass. The chemical sta- type of glass is easily scratched and is attacked by um. (sion 
bility also is not as good as that of Pyrex-brand glass. It is ber of chemical reagents. In working lead glass a st ger leng 
more convenient to use the same type of glass in labora- oxidizing flame is recommended; otherwise reduce: ead 
tory equipment especially when graduated vessels are sealed __ will blacken the seals. Seals started in tubing with bla ned 
to glass assemblies. Because Pyrex-brand glass offers more edges will leak and no amount of working eliminat them 
durability, it is recommended over lime-soda glass. Simpler lead. A slight darkening on the outside will disappear ; th, — 
pieces of apparatus may be constructed of the latter type glass is held in the tip of a flame containing an excess air 
Vycor-brand glass which contains 96% silica with boric ° 
TABLE 2. oxide and traces of the oxides of aluminum and iron 4s th. — 
Compositions of Some Laboratory and Resistant Glasses remaining ingredients is produced by the specialized ‘each. §#U— 
No. SiOz B20; NazO K20 MgO CaO ZnO Al2O3 Fe20; ing process by Corning Glass Works. It is marketed under} — © 

1 77.0 5.0 7.7 10.3 their code numbers of 790 and 792. The former is trans. Fig 

2 (79.4 6.4 6.7 — 7.6 parent and can be used up to a temperature of 900°C. The perat 

; _ Se OS «| at 0.08 96% silica glass 792 is translucent and can be used to a 

4 66.4 41.0 15.6 5.2 6.2 2.4 ° mare ° 

5 647 (109 75 0.37 021 0.68 10.9 42 0.25 temperature service limit of 800°C. Both glasses have a |oy temper 

6 73.0 36 10.8 0.30 4.3 0.66 5.6 1.0 + 0.35 linear coefficient of expansion and have softening points at * well 

7 67.2 6.2 10.9 0.30 3.4 0.79 °78 °°a6: O22 about 1500°C cael 

$ 66.80 413 7.40 1.75 260 1.73 9.75 2.54 0.17 a ore” 

9 75,90 729 784 015 873 “a mem The chemical resistant glass known under the trade name 4 kn 
10 76.20 7.07 7.62 8.97 0.30 0.14 of Pyrex is used extensively for a general all-purpose glass sortant 
11 74,32 17.56 1.38 0.11 3.67 2.35 0.14 in the laboratory. As was shown in Table 2 it is a boro-fB jasc o 
“4 hege a ae 0 silicate glass having a low potassium and sodium oxide cont : 
a ene me 44611 0.7 2.0 content. This glass is listed under the Corning Glass Works i.oq ir 
5 75.3 15.8 34 1.0 1.3 2.5 Number of 774, has a softening point of 820°C. and can 798, an 
16 75.4 17.5 3.6 0.4 0.1 1.6 safely be used in repeated heating operations up to 600°C. It has 
ap act 4 +. - r — Its linear coefficient of expansion is four times that of Vy-B and 
19 756 143 33 0.4 0.1 5.6 cor-brand glass. ie a __ because 
20 80.5 129 38 0.4 2.2 An alkali resistant glass known as “Corning” 728 whichff +, yse ; 
aa 5 Sri Soe hey See is boron-free is used when resistance toward alkalies is de §;, eonn 

i, Stas’ apparatus glass. Glass No. 73, D. E. Sharp, In- sirable. This glass has a linear coefficient of nearly twice 
—— € Hngincering Chemistry, Vol. 25, 1933,. page that of Pyrex-brand glass and consequently should not bi 

2. Kavalier glass, 1879. Glass No. 74, D. E. Sharp, In- used when resistance toward thermal shock is desired. This Devit 
dustrial 4 Engineering Chemistry, Vol. 25, 1933, page glass has a softening point of about 870°C. if glass 
755. : 

3. Kavalier beaker. P. H. Walker and F. W. Smither, PROPERTIES OF GLASS glass t 
Technical Paper No. 107, National Bureau of Standards, jf ' elimina 
1918. Also contains MnO, 0.02; P2Os5, 0.08; SOs, 0.20; The glass blower must be familiar with the coefficient of in “Py 
As2Os, trace. . : . ¥ _ 

2U5s 2x y ses. All glasses are poor conductors Mf; 

4. Jena Gerate, prior to 1910. Glass No. 75, D. E. Sharp, expansion of various ~ val h 2 d aes rn bu 
Industrial € Engineering Chemistry, Vol. 25, 1933, page of heat and require gradual heating and cooling, especially Mi blower 
7p5. when equipment with complex seals is changed or repaired. § »eates 

5. Jena Gerate beaker. P. H. Walker and F, W. Smither, Rapid heating of seals will cause breakage and the beginner the red 
Technical Paper No, 107, National Bureau of Stand- - aes al 
ards, 1918. Also contains MnO, 0.01; As2Os5, 0.14. must be aware of this fact. ere ot. ot experi 

6. Macbeth-Evans beaker, 1918. P. H. Walker and F. W. In the construction and repair off: prey 
Smither, Technical Paper No. 107, National Bureau of laboratory apparatus it is necessary to helpful 
Standards, 1918. Also contains MnO, 0.02; SOs, 0.02; use tubing with the same physical char seals. 
oo oes oe See acteristics as the glass from which th 

7. Nonsol beaker, 1918. P. H. Walker and F. W. Smither, Sores os Bi a 
Technical Paper No. 107, National Bureau of Standards, apparatus was originally made; othe: = my 
1918. Also contains MnO, 0.01; SbeOs, 0.62. wise, unnecessary strains due to uneven fj “"'"* 

8. KohIn-Ehrenfeld. J. D, Cauwood and W. E. S. Turner 4 : al 

; —T ; 2xpans 7 cause subsequent bre: 
Journal Society Glass Technology, Vol. 2, 1918, page wa eae ity — | é q ° ? a 
219. Also contains As2O3, 2.05; Sb2Oz, 1.29. PYREX age. The low thermal expansion cocii 

9. Resistance, “R.” J. D. Cauwood and W. E. S. Turner, " “URANIUM | cient of Pyrex-brand glass. permits 
Journal Society Glass Technology, Vol. 2, 1918, page = = | _ _SEXAINIUM © heavy and rugged construction thereby 
oe ee aS: Lee, tenes; BAO, G18. G702P increasing the resistance to mechanica! 

10, Zsolna. J. D. Cauwood and W. E. S. Turner, Journal —— ee ee : : rithi a 
Society Glass Technology, Vol. 2, 1918, page 219. Also 750 breakage. This glass is well within ou 
contains Sb2O3, 0.30. : 75) et working range and is used extensive!) 
11. Japanese, J. D. Cauwood and W. E. S. Turner, Journal [| __ ‘vi for laboratory apparatus. Contrary t 
4 s Tec fol. 2, 1918, pag 9. J ie . Tage : 
ee ee — ee SEES, PRS SER. lee ae popular belief, the manipulation is !ess Fu 
12, Silex. H. Thiene, Zeitschrift fuer angewandte Chemie, {20 difficult than soft glass if provision 1s e%. 
Vol. 39, 1926, page 193. ; may tahoe made for efficient burners. It would b : 
18. Vulkanite. H. Thiene, Zeitschrift fuer angewandte | __'YY___ | impossible to duplicate the more com 
Chemie, Vol. 39, 1926, page 193. 756 li 2 . t.whish 3 . madi 
14. Resista, 1923. H. Thiene, Zeitschrift fuer angewandte = /-——~+—-~—~-4 plicated equipment which is now mac N 
Chemie, Vol. 39, 1926, page 193. of Pyrex-brand glass by substituting 
15. Resista, 1925. H. Thiene, Zeitschrift fuer angewandte LEAD soft glass, and furthermore, the appa Keo 
Chemie, Vol. 39, 1926, page 193. ” : : : +43 sh Fe 
; : é e itions W 
16.Tempax. H. Thiene, Zeitschrift fuer angewandte GLASS pies — fail und r cond Mc 
Chemie, Vol. 39, 1926, page 193. Also contains Sb2Os. are imposed upon It, 
1.6. The glass blower must also havé 
17. Jena Gerate, 1920. H. Thiene, Zeitschrift fuer ange- formation about the coefficient of °x 
) emie, Vol. 39, 192 J ains . ae 
ge _— Vol. 39, 1926, page 193. Also contains pansion of the glasses when he is © 
18. Jena Supremax, 1565"'. H. Thiene, Zeitschrift fuer ange- quired to seal two different types ‘ 
wandte Chemie, Vol. = ee page — gether. As an example, suppose a’! 
19. Jena Durax 3817!!, . Thiene, Zeitschrift fuer ange- : ‘ ‘ hae: 6 
wandte Chemie, Vol. 39, 1926, page 193. Also contains Fig. 18. Series of ‘in piece of equipment of ot yt : G- 
Sb2Os, 0.4. glasses for sealing lead to be sealed to Pyrex. It wou . ‘7 
20. Pyrex chemical resistant glass. glass to Pyrex. possible to seal the two directly 
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instead, a series of thin and well annealed seals are 
, the order shown in Fig. 18, Here the coefficient of 
ion of each glass, for which the code number of the 
‘orn og Glass Works is given, range in respective order 
wn that of lead glass and Pyrex. 

A -omparison of the relative linear coefficient of expan- 
several glasses is given in Fig. 19. The increase in 
shown by the dotted portions corresponds to a 








3h quartz (6mm. 
-— 6 MILES 


Fig. 19. Increase in length of various glasses with increase in tem- 
perarure of 21°C. 


temperature increase of 1°C. The coefficients of expansion, 
as well as the softening, annealing, and strain points of 
several Corning glasses are given in Table 3.2 

A knowledge of the chemical durability of glasses is im- 
portant when scientific equipment is made. Pyrex-brand 
glass or Vycor is adequate for nearly all general purposes 
except when strong and hot alkali solutions are continually 
used in the apparatus. Under such conditions “Corning” 
728, an alkali resistant glass, may be advantageously used. 
It has been found more practical however to use Pyrex- 
brand glass in assemblies which are exposed to alkalies 
because it is often easier to replace the exposed parts than 
to use a different type of glass which requires graded seals 
in connecting it with the remainder of the assembly. 


DEVITRIFICATION 


Devitrification was a constant threat in the development 
of glass for the laboratory but by accurate compounding of 
glass this danger of crystal formation has been greatly 
eliminated. Usually when frosting of the surface appears 
in “Pyrex” seals, it is not the cause of the glass composi- 
tion but instead the carelessness of the worker. The glass 
blower finds that the danger of causing devitrification is 
greatest when force is exerted on a seal at the time when 
the red glow is departing from the glass prior to annealing. 
Experience in working glass is the best way in learning 
to prevent devitrification, and the beginner may find it 
helpful by noting what method of handling causes frosted 
seals. 


~ 2Phillips, c. J., “Glass: The Miracle Maker,” Pitman Pub- 
lishing Corp., New York, 1941, Chapter VIII, page 183. 
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TABLE 3. Some Sealing Glasses Manufactured by Corning Glass Works, Corning, New York 





CUTTING GLASS 


Consideration must be shown to the composition of the 
glass in operations which involve cutting. Some cuts made 
on soft glass (lead or lime-soda) would fail on Pyrex 
and certain techniques used on Pyrex would cause serious 
trouble with soft glass. Undoubtedly, the harder the glass, 
the more patient one must be. The difference lies in the 
fact that soft glass breaks too easily and especially when 
one tries to duplicate the diagonal and slot cuts made on 
Pyrex with a carborundum wheel, 

Glass tubing in sizes ranging from minute capillary up 
to approximately 25 mm. o.d. should be scratched by an 
abrasive instrument and then broken apart by the use 
of both hands. Whether one uses a steel wheel, a glass 
knife or a three-cornered file, the technique is the same. 
The scratch is made cleanly, perpendicular to the tubing, 
and it is not necessary to try to saw through it. Expert 
flat glass cutters make only one scratch, but on tubing it 
is best to scratch the glass twice. If the abraded surface is 
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WET FILE MARK 


Method of breaking tubing 13 mm. and smaller. 


Fig. 20. 
wetted with water, it will break more easily. Usually glass 
blowers employ this trick but cannot explain why the glass 
is weakened. Milligan? has shown that the tensile strength 
is decreased by wetting glass containing a small crack. 
After scratching and wetting, the thumb nails are placed 
against the back of the tubing for a fulcrum directly op- 
posite the scratch. The break is then made by a combined 
bending and pulling force back and away from the mark, 
Fig. 20. It should be pointed out that files and cutting 
wheels are only effective when new and sharp, and tungsten 
carbide-edged knives must be resharpened continually. 

For 18 to 25 mm, tubing a different hand hold is ad- 
visable. The glass tube is scratched, wetted and grasped 
in a full grip with a hand on each side of the mark. Each 

Continued on page 906 


8Milligan, L. H., Journal Society Glass Technology, Vol. 13, 


1939, page 35. 


| Sealing Glass Series 


From 








Soft. Pt. | Anneal. Pt. | Strain Pt. 
| Code No Lab. No Expan. x 107 (°C) (°C) | (°C) 
Fused silica] — { 790 790-H 8 +23 | 15104380 | 890+ 20 790 + 20 
(5.5-5.8) | | 723 707-GS-1 13.5 +1 1160 + 206 750 + 20 675 + 20 
No. 790 | 720 707-GU-1 ie. 3 1125 + 20 645 + 20 583 + 20 
} 724 715-AO 21. +1 840 + 10 583 + 10 514+10 | No. 774 
774 726-MX | 32-33 819 553 510 
No, 774 | 772 702- | 36 756 526 494 {Rover 9 (45) 
705 705-AJ 46 703 496 461 5 |; Kovar 
Kovar 704 705-BA 49 697 484 450 | | Fernico {cay 
Fernico 706 705-AO | 50 693 494 459 ] 
Molybdenum 752 750-AJ | 62 747 566 530 Molybdenum 
753 805-F 70 728 557 528 (53-55) 
755 805-G 77 716 546 516 
756 750-AL 85-88 | 702 536 | 503 | G-1, G-12 
012 G-12 | 87 630 431 395 } | { Platinum (90) 
001 | G-1 | 90 626 425 389 | |] Nickel irons (90) 
008 G-8 | 92 696 510 475 J Chrome irons (100) 
Dumet 
G-1&G-12 | 025 {| 125-AJ 98.6 648 464 433 Allegheny, type (110) 





Numbers in parentheses represent approximate linear expansion/°C, x 107. 
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XVI. POWER SUPPLIES. 


§I. GENERAL. 

All electric gaging systems require some external source 
of energy; in general this energy is introduced in the form 
of electric power, and the measuring system acts merely 
as a valve to control the amount of energy reaching the 
indicating or recording device. (The generating-type pri- 
mary elements absorb mechanical energy which is converted 
by the transducer into electric energy.) The means for 
supplying the required electric energy must be considered as 
part of the general requirements for any electric gaging 
system. In this chapter the basic requirements for power 
supplies will be discussed. 

Three requirements ordinarily are imposed on any gag- 
ing-system power supply; they deal with (1) type of out- 
put, (2) magnitude of output, and (8) stability of output. 

The type of output depends upon the type and form of 
the gaging system; if it is a resistance-type system of the 
most elementary form, for example, it will require only 
direct current and there may be no need for accurate regu- 
lation. If it is a variable-inductance system utilizing a de- 
flection method, it will require excitation by alternating 
current which must be accurately controlled as to potential, 
and perhaps also in frequency. (See Fig. 45, Part I.) A 
once-popular—and still used—form of capacitance type 
system employing the half-resonance-curve method (see Fig. 
25, Part I) requires also a constant-frequency constant- 
voltage source; in this instance it must be a radio-frequency 
source, The null methods do not impose any requirement 
for constancy of output voltage on the power supply (this is 
one of their major advantages) but they often do require 
constant frequency and good wave-form. 

With any amplified system it is necessary to supply en- 
ergy to the amplifier; this ordinarily requires low-voltage 
alternating or direct current for heating the cathodes of the 
electron tubes, and a high-voltage d-c. supply for the anode 
(plate) circuits. Either or both may require regulation. 

When a frequency other than that of the power line is re- 
quired, the problem also includes the generation of that fre- 
quency and its amplification to the needed power level. 

Because of the widespread use in this country of the stand- 
ard public utility frequency of 60 cycles per second (in a 
few localities 25-cycle and 50-cycle systems are still used) 
and because this is easily converted by transformers to the 
commonly-used 117 volts, it is convenient to design all ex- 
cept special equipment to operate from this source. When 
other prime sources must be used, converters may be pro- 
cured to change the available power to 110-volt 60-cycle 
power. 


§2. A-c. POWER SUPPLIES; 60-CYCLE 


For many applications, the 60-cycle line frequency is satis- 
factory, either with or without voltage regulation. Such cir- 
cuits as the water-level indicator of Fig. 45 (Part I) and 
many of the null-method inductance bridge circuits can 
quite well be operated with 60-cycle exciting current. Regu- 
lation of the voltage is necessary if a deflection method is 
used; not with a null method. 

The use of the transformer for converting alternating 
current from one voltage to another is so well known as to 
need no mention; as is the use of the variable autotrans- 
former, which provides a continuously-adjustable output 
potential. In recent years the voltage-regulating transform- 
er has come into wide use, making available not only any 
desired output voltage but also one which does not vary ap- 
preciably with either input voltage or load. These trans- 
formers are standard commercial products, available from 
a number of manufacturers. 

The voltage-regulating transformer has one characteristic 
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ELECTRIC GAGING METHODS 


By HOWARD C. ROBERTS, Research Staff, Association of American Railroads, Chicago, III. 


Pressure and Vibratio: 


which is a serious disadvantage for gaging applica 


Since its regulating action depends (usually) upon the om. 
bined effects of a tuned circuit and a saturable reactc | jt; 


output current often has a seriously distorted wave-f. » 
and one which varies with load. Any gaging system © hich 
requires either accurate frequency control or good 


form for the exciting current will probably not operat: we; 


with such a transformer supply. Recently a new type of volt. 
age-regulating transformer has been produced whi-) j; 
said to be entirely free from this defect. It is not yet avai)- 
able for general use. 

A simple circuit for such a voltage-regulating transform. 
er is given as Fig. 23; here the load current passes through 
a coil surrounding one transformer core so proportioned as 
to saturate when the load current is too high, while a rough. 
ly resonant tuned circuit is provided by the other trans. 
former and the capacitor C. 

All those voltage-regulating devices which employ reson. 
ant circuits are sensitive to variations in frequency of the 
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Fic 93 Fig 24 

supply voltage, and so cannot well be used on circuits wher 
the frequency is not controlled. They are not satisfactory 
for field operation with portable gas-engine generators. 

For small amounts of power, regulation can be provided 
by means of the non-linear bridge circuit shown in Fig. 24; 
it employs two fixed resistors R not changing in resistance 
with temperature changes, and two thermistors, 7'x, which 
do change rapidly in resistance with temperature changes. 
Such a bridge circuit can supply closely-regulated direct 01 
alternating current (or potential) to a fixed load; it 
rather inefficient but it does not distort the wave-form of 
the current. Another method occasionally used employs 4 
gas-discharge tube as a reference element, and provides 
regulated a-c. potentials which may be adjusted to any de- 
sired value by means of a transformer. (See Fig. 82, 
Part I.) Gaseous-tube regulators distort the output wave 
form when they are used in a-c. circuits. 

Portable supplies for producing small amounts of a-c 
power are available; for a few hundred watts or less 
power vibrator-type inverters are available, with storag 
batteries as the prime source of power; for larger amou't 
of power, gas-engine generators are available. Of these, t) 
vibrator-type inverter is ordinarily the more constant 
frequency, but less perfect in wave-form. 


§3. HIGH-FREQUENCY A-C. POWER SUPPLIES. 


Alternating-current power supplies of frequencies hig! 
than 60-cycle are required for capacitance-type systems, 
cause their impedance is prohibitively high at lower f 
quencies. High-frequency excitation is also used with 
sistance-type and inductance-type gaging systems when it 
desired to measure and record at any frequencies exc: 
the very lowest. Gaging systems in which the mechani 
magnitude is caused to modulate a carrier frequency ‘ 
usable up to perhaps 25% of the carrier frequency, but ! 
higher. 
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able-inductance systems for dynamic measurement 
carrier frequencies from 1,000 to 10,000 cycles per 
; variable-capacitance gaging systems may employ 
r frequencies as high as several megacycles. For the 
w ranges of frequency, either mechanical or electronic 
ven ators may be used; for the higher frequencies 
nical generators are not available. Piezoelectric 
(me ianico-electric) crystals may be used to control the 
fre oney of radio-frequency oscillators. 

M chanical (rotary) - generators are used to generate 
W for gage circuits at frequencies as high as 5,000 
per second. Their efficiency at higher frequencies 
falls off seriously; even at 5 ke. there is some difficulty in 
lining good wave-form without contamination by 
us frequencies. Regulation of the frequency of output 
nechanical generator is accomplished by adjusting the 
speed of rotation; magnitude of output by adjusting field 
stre! th. 

For gaging applications the present practice is to em- 
ploy electronic generators for a-c. excitation. Such gen- 
erato’s can be constructed to supply as much as 2 kilo- 
watts or as little as 2 watts, thus accommodating virtually 
any need. They are more bulky.in the larger sizes than 
the mechanical generators, weigh about the same, and have 
a number of advantages over the rotary generators. Among 
these advantages are purity of wave-form, variable-fre- 
quency operation if desired, extended frequency range (from 
100 cycles to 100 kilocycles), and the fact that such gen- 
erators can easily be equipped with regulating circuits so 
that their output will not suffer from variations in either 
load or supply voltage. Many multi-channel electric gaging 
systems nowadays employ amplifiers on all gage circuits, 
and require only minute quantities of power for excitation. 
An electronic generator occupying a volume of only one- 
tenth cubic foot can supply enough exciting energy, with 
almost perfect wave-form, for a dozen amplified gaging 
circuits. 

Such electronic generators incorporate two or three sec- 
tions: a master oscillator, a power amplifier, and often an 
auxiliary regulating circuit which maintains the output 
voltage constant under all normal conditions of operation. 
Energy must also be supplied to operate the electron tubes 
| comprising these circuits. 

The master oscillators employed in these devices may 
employ any of several basic circuits; those most often 
used for the audio-frequency range (100 to 20,000 cycles 
per second) are the Wien bridge oscillator and the phase- 
shift oscillator. The general forms of these two circuits 
are sketched in Figs. 25A and 25B. The Wien bridge cir- 
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cuit employs a resistance-capacity network sharply tuned 
to a single frequency and allowing only that frequency to 
pass through a regenerative amplifier circuit; the phase- 
shift cireuit employs a phase-shifting resistance-capacity 
network which produces a fixed time-lag in any signal fed 
back through a regenerative amplifier, so that only the 
single frequency having a period corresponding to this 
time-lag is finally amplified. 

Chere are two popular and effective circuits in use for 
rerulating the output of electronic power supplies against 
changes in either load or supply voltage. One requires the 
installation of extremely large percentages of negative feed- 
back, taking the feedback voltage from the load circuit. 
Then, if a constant-voltage signal is amplified, the feedback 
civcuit tends to keep the output voltage constant even 
though the load changes. The other circuit incorporates a 
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biassed rectifier circuit connected across the load circuit: 
So long as the output voltage is below the bias voltage, 
the rectifier does not operate, and the amplifier gain is 
increased. As the output voltage increases to the point 
where it “spills over” and the rectifier operates, the re- 
sulting rectified potential is applied to a control stage and 
the gain of the amplifier is reduced. In operation, the cir- 
cuit stays at the level where the biassed rectifier is just 
“spilling over” and the control stage is always in operation. 

Block diagrams of these two circuits are here given: 
Fig. 26 represents the negative feedback circuit, and Fig. 
27 represents the biassed-rectifier circuit. 

For design data on circuits such as these, handbooks 
and textbooks are available. The descriptions given here 
are intended merely to indicate the principles employed. 

A commercial power supply, designed to operate a multi- 
channel strain-gage equipment, and’including two regulated 















Fig. 28. Combined A-c. and D-c. Power Supply for Strain-gage 
Amplifiers. (Courtesy Hathaway Instrument Company.) 


d-c. supplies and one regulated audio-frequency a-c. supply, 
is shown in Fig. 28. It may be operated from 110-volt 60- 
cycle line current, or from storage batteries for portable 
operation; mechanical inverters convert the battery power 
to a-c. for portable operation. (This power supply is used 
in conjunction with the equipment illustrated in Fig. 35. 
Another somewhat similar power supply, also a part of a 
complete strain-gaging equipment, is shown in Fig. 33; 
it is the upper deck of the apparatus shown in the photo- 
graph. This power supply operates only from 110 volts as 
a prime source of power.) 


§4. LoW-VOLTAGE D-c, POWER SUPPLIES. 
Low-voltage* direct current is conveniently supplied by 
storage batteries, or by transformer-rectifier sets, if no 
regulation is required. Accurate regulation of low-voltage 
d-c. supplies is required in only a few instances; this is a 
convenience, since few methods for accomplishing such 
regulation are available. 


*Below 10 volts. 
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If little or no current is required, as for biassing the 
control grids of electron tubes, it is satisfactory to produce 
a higher voltage by one of the methods to be described 
in the next section, then placing a potential divider across 
this supply. The constancy of potentials thus produced de- 
pends of course upon the high-voltage supply and upon 
the stability of the voltage divider. The method is invalid 
unless the load current is constant. 

For higher currents, it is satisfactory to employ a rec- 
tifier-filter arrangement, with regulation applied to the a-c. 
supply. The a-c. input may be regulated with a constant- 
voltage transformer, if the d-c. load is constant; if the 
load is variable, it is possible to employ an electronic regu- 
lating circuit. One such circuit, capable of controlling 
voltages to almost any desired order of accuracy, employs 
a form of d-c. potentiometer as a detecting device, and ap- 
plies regulation to the a-c. input in accordance with the 
variations in d-c. output. Fig. 29 illustrates the form of 
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this circuit; the output voltage at the load circuit is bal- 
anced against the potential of a standard cell, and any 
difference indicated by a galvanometer deflection. The de- 
flected light-beam of the galvanometer impinges upon a pair 
of phototubes, PT, which supply a signal by means of 
which the controlling device may be commanded. The device 
controlling the amount of a-c. power admitted may be a 
saturable reactor, or some other convenient device. The 
output of the phototubes could be applied to the grids of 
triode-type rectifying electron tubes. Photocells could be 


used instead of phototubes. The circuit is actually no more 


than a refinement of the familiar carbon-pile regulator in 
which the output potential acts upon an electromagnet to 
alter the pressure applied to the carbon pile and thus to 
alter its resistance. The carbon-pile regulator is not a pre- 
cision device; the circuit described above may be made as 
sensitive as desired by selecting a suitable galvanometer. 
Most low-voltage d-c. requirements in gaging work do 
not require closely regulated potentials, or if close regula- 
tion is required it is ordinarily in a circuit with a con- 
stant load, so that the regulation problem is easily solved. 


§5. HIGH-VOLTAGE D-c. POWER SUPPLIES 


One of the principal uses for accurately-regulated d-c. 
supplies at high voltage is for providing plate current for 
measuring amplifiers, or for oscillators where constant out- 
put is required. The widespread adoption of such ampli- 
fiers has contributed to the development of regulating de- 
vices for direct current at high* voltages. There are two 
convenient and satisfactory systems available — gaseous- 
tube regulators and electronic regulators. 


*From 100 to 1,000 volts. 
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A gaseous-tube regulator is simply a gas-fill: 
so constructed as to maintain during operation a 
potential between its two electrodes; the magnitud 
potential depends upon the composition and pressur: 
gas, and the form of the electrodes. Tubes are a\ 
which have potential drops varying from about 65 
to about 180 volts, and several tubes can be pla 
series for higher voltage operation if that is needed. 
lel operation is not usually successful. A typical ci) 
shown in Fig. 30; the regulating action depends up 
presence of the resistor R, which controls the 
through the regulator tube VR. The potential betw: 
electrodes will remain constant so long as the ec 
flowing remains within the operating limits. 

The electronic regulator circuits in general use « 
electron tubes as series elements; the voltage av: 
at the load terminals is raised when necessary by reducing 
the tube resistance, and lowered when necessary by th 
inverse process. The needed alteration in the resistance of 
the tube is accomplished by altering the potential of th 
control grid. For extremely close regulation (0.005 volt) 
the output potential is balanced against a fixed potentia 
(derived either from a battery or from a gaseous regulato. 
tube) and these variations, after amplification by a one 
or two-stage amplifier, are applied to the control grid of 
the regulating tube. Accurate and extremely rapid contro 
is possible by this method. For less precise regulation, the 
ampliiiers may be omitted, but they add so little in cost 
and in complexity to the power supply that they are near\) 
always included. A number of commercial power supplies 
of this type are available, supplying voltages from a fev 
volts to several thousand, and currents as high as an an 
pere. The basic circuit of this type of regulator is show 
as Fig. 31. 


XVII. AMPLIFIERS AND COMPUTING DEVICES 
§1. GENERAL. 

The need for amplifiers in electric gaging devices requires 
no explanation; their function is simply to increase th 
amount of energy available from a primary element t 
an amount sufficient to actuate an indicating or recording 
instrument. Through their use some operations are mad 
possible which otherwise would be beyond the ability of 
available equipment—for example, the use of low-lev 
primary elements, which can be made much smaller, lighter, 
and capable of more varied installations than the high 
level gages which do not require amplification. 

Amplified systems can also be made capable of certail 
types of performance which are beyond the capabilities 
of non-amplified. systems; integrating and differentiating 
devices may be employed only if amplifiers are available, 
since in their operation they attenuate the electrical signa! 
so greatly that further amplification is then required. 

For performing some other electrical computations, am 
plified systems are required, too; they more than maké 
up in convenience and flexibility for their disadvantages i! 
complication of design and construction. 

Several different types of amplifiers are available; 
differ in construction and in manner of operation, and dit 
too in their most effective applications. The most widel! 
used is the resistance-capacitance coupled* audiofreque! 
amplifier, which can amplify electrical signals over 
frequency range from one or two cycles per second up 
about 20,000 cycles per second. (Present-day practice 
amplifier design employs resistance-capacitance coup! 
between all stages not required to deliver apprecia 
amounts of power.) There are also direct-coupled 
plifiers, which respond to steady-state input signals as \ 
as to a-c. signals; these are required when it is necess: 
to measure and record phenomena covering a freque! 
range extending from steady-state conditions up to r 
tively high frequencies; and there are carrier-type 
plifiers, which can effectively amplify low-frequency 

**Some workers have reported successful use of mercury-\ 


or argon-filled rectifier tubes as low-voltage gaseous-regulat 
the are drop in such a tube is about 15 volts. 
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y-state signals by causing them to modulate a carrier 
ency which is later demodulated in the last stages of 
.mplifier. Carrier-type systems may achieve the same 
by exciting the primary element with alternating 
nt, causing this element to modulate the exciting cur- 
then amplifying this gage output. The amplified sig- 
nal may be rectified and filtered before being recorded, or 
itr ay be recorded directly as a modulated envelope. In this 
iption there is no need to distinguish between sys- 
which perform the modulation within the amplifier 
systems which modulate in the primary element. 
ere are some other types of amplifiers—the carbon 
fier still used in some hearing aids (but probably 
ere else), mechanical amplifiers consisting usually of 
re.ay-type mechanism synchronized by the incoming sig- 
ial, and the magnetic amplifier of Alexanderson—essen- 
tial a saturable-core reactor which controlled large 
amounts of alternating current through the d-c. saturation 
of the iron core of a reactor. (Alexanderson developed this 
device to a high level of efficiency, but now it is used only 
in a few control devices and in voltage regulators.) 

Amplifiers may be fitted with integrating and differ- 
entiating circuits, or with filter circuits which will allow 
transmission of only selected frequency ranges. These are 
most useful in vibration analysis; although 60-cycle re- 
jection filters are occasionally used in static systems to 
reduce trouble from hum pick-up. 

As a means of conserving the time of operators and 
computers, and of increasing the efficiency of operation 
with a limited amount of equipment, electrical computing 
devices are coming into use, Methods are available for 
making many different sorts of electrical computations, but 
the practical application of these methods is hardly begun. 
Devices of this sort usually employ amplifiers because of 
the greatly increased flexibility and convenience of opera- 
tion they provide. 
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§2. RESISTANCE-CAPACITY COUPLED AMPLIFIERS. 

By far the most common amplifying device is the 
resistance-capacitance coupled amplifier. It is put to many 
uses other than in measurement—telephone, radio receivers 
and transmitters, public address and intercommunication 
systems, etc.—and because of this wide and diverse applica- 
tion has been developed more than the other types. The 
development has taken place largely in tube design and in 
construction practice, however, since the demands for ac- 
curacy and stability imposed in the services listed are 
extremely low compared to the requirements for measuring 
amplifiers. 

The ordinary commercial R-C coupled amplifier is not 
suitable for gaging applications except in special condi- 
tions; for example, as an uncalibrated null indicator or as 
an element in a carrier-type measuring system; and even 
then it often is necessary to introduce improvements in hum 
rejection and in response. But the stability, low cost and 
convenience in operation of this type of amplifier are such 
that many specially-designed and constructed units of this 
kind are in use. 

A well-designed amplifier of this type is illustrated in 
Fig. 32. It is designed for operation from wire-type or 
carbon-type resistance strain gages, or from linear or tor- 
sional vibration pick-ups; it can also be used with other 
primary elements. It incorporates good design features such 
as push-pull operation throughout, calibrated step-attenu- 
ators, and stabilized supply voltages. It operates over a 
frequency range of 5 to 5,000 cycles per second and its 
output is sufficient to operate the customary forms of mag- 
netic recording oscillographs. Four separate channels are 
placed on a deck (the illustration shows one deck). The 
output of any channel may be observed on the built-in 
cathode-ray oscilloscope. A practical convenience in opera- 
tion is the back-illuminated input attenuator control, which 
makes adjustment .easy and minimizes errors in setting 
dials. When a number of channels are in simultaneous 
operation, operating conveniences such as this are a de- 
an “R-C” coupled amplifier. 


‘Often called an ‘“‘a-c.”” amplifier, or 








cided help in minimizing operator fatigue and consequent 
error. 

The amplifier in Fig. 32 is a general-purpose unit de- 
signed to provide stable and accurate amplification from 
any one of a number of different sources; the only real 
requirement placed on the input signal is that it be of 
suitable magnitude. Such an amplifier can be used for a 
large number of different applications, but it is necessary 
for the user to provide suitable input circuits. When the 
use for such an amplifier is limited to only a few kinds 
of measurement, it is more satisfactory to incorporate the 
required input circuits into the amplifier unit itself. In this 





(Courtesy Off- 


Fig. 32. General-purpose R-C Coupled Amplifier 
ner Electronics, Inc.) 


manner the assembly is made more compact and more easily 
handled and installed. 

There are other forms of resistance-capacitance coupled 
amplifiers which are especially adapted to certain applica- 
tions; for example, there are amplifiers which operate en- 
tirely on a-c. power, applying alternating potentials to the 
electron tubes instead of the more common direct current 
(these amplifiers can be effectively used for steady-stat« 
measurements and for some control functions); there are 
current amplifiers, which do not increase the potential avail- 
able but do supply many times as much current as could 
be supplied by the un-amplified element; and there are 
other types as well. 

The amplifiers illustrated in Figs. 33 and 35 are also 
usable as R-C coupled amplifiers, requiring only simple 
switching operations to alter the input and output circuits. 

$3. 

One of the most effective methods of providing stable 
amplification of extremely low frequencies (or of steady 
potentials) is with the carrier-type system. This system 
utilizes an alternating potential as a carrier, modulates it 
(in terms of amplitude) by the signal to be amplified, am- 
plifies this modulated alternating potential, then demodu- 
lates the amplified signal. The amplifier proper is there- 
fore required to operate only over a restricted frequency 
range centered about the carrier frequency, and extending 
above and below this carrier frequency only so many cycles 
as are represented by the incoming signal. That is, if a 
1000-cycle carrier frequency is employed, and signals at 
frequencies no higher than 100 cycles per second are meas- 
ured, the amplifier is required to operate only at frequencies 
ranging from 900 to 1100 cycles per second. 

Carrier-type systems may be constructed in several dif- 
ferent ways: the modulation may be performed in the pri- 
mary element or in its associated circuit, or it may be 
performed in the amplifier itself; the output may be re- 
corded as a modulated envelope or demodulated before re- 
cording. If the modulation is performed within the am- 
plifier itself, the net result is that the system has most of 
the characteristics of a direct-coupled amplifier. More often, 
however, the modulation is performed by the primary ele- 


CARRIER-TYPE AMPLIFIERS. 
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Fig. 33. Eight-channel Carrier-type Electric Gage Amplifier. 


ment; an a-c.-excited bridge circuit with its unbalance 
potential applied to the amplifier input is commonly used. 

The output is most conveniently recorded as a modulated 
envelope, but this practice involves a number of factors 
causing later inconvenience. The recording system must 
respond to the carrier frequency, which is relatively high. 
The optical efficiency of the recording system is made low 
by the fact that the available light from the galvanometer 
must be distributed over the entire modulated pattern in- 
stead of being concentrated in a single thin line. In- 
terpretation of the records is less convenient. 

If the demodulated output is recorded, interpretation is 
easier, but difficulties in circuit design appear when this is 
attempted. It is necessary, for example, to demodulate the 
carrier without distortion; and to filter out the carrier 
frequency so that the oscillograph trace will not be fuzzy, 
wide, and difficult to read. An even more serious problem is 
the establishment of polarity of the output of the amplifier. 

Since the output of an a-c.-excited bridge circuit does 
not indicate the direction of unbalance immediately, as does 
the d-c. bridge, some means must be devised for mak- 
ing this distinction. The easiest method is to operate the 
system in an unbalanced manner, with the initial condition 
of adjustment incorporating an unbalance greater than any 
change anticipated in operation. Then, when the unbalance 
increases, the amplifier output will likewise increase, and 
conversely. This requires operation with some deflection 
always present on the indicating or recording instrument, 
which in many applications is quite inconvenient. 

The most satisfactory mode of operation of a carrier-type 
amplifier is with a phase-discriminating output circuit, so 
arranged that unbalance of the input bridge circuit in one 
direction will cause the output current to show one polarity, 
while when the direction of unbalance of the input bridge 
circuit is reversed, the polarity of the output current is 
likewise reversed. (Some devices and circuits for accom- 
plishing this result were illustrated and described in a 
previous installment.) A number of circuits of this sort are 
available, but most of them require great care in design 
and in construction. 

An amplifier unit which incorporates most of the desir- 
able features mentioned is illustrated in Fig. 33. This unit 
includes in a single case (14” high, 20” wide) eight com- 
plete amplifier channels, and all the necessary auxiliary 
circuits, including power supplies for all amplifiers and ex- 
citing current for the input bridge circuits. In operation all 
that is required is a source of 110-volt 60-cycle power. 
The amplifiers are designed for use with wire-type re- 
sistance strain gages, and can also be used with low-level 
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magnetic gages—for which service they have a great excess 
of gain. The gain and power output is sufficient to provide 
a current output (into a 16-ohm magnetic galvanometer) of 
about 100 milliamperes in either direction from zero; 2 
phase-discriminating output circuit is used so that tension 
and compression produce opposite directions of deflection. 
The carrier frequency is 3000 cycles per second, but can be 
adjusted from 2000 to 5000. Both resistance and reactance 
balance adjustments are available, so that the equipment 
can be used with cables several hundred feet long if neces- 


sary. 
Since the heart of a carrier-type system is a resistance- 
capacitance coupled amplifier, the amplifiers in Fig. 33 are 


so arranged that by turning a switch they are converted 
into resistance-capacitance coupled amplifiers covering a 
frequency range from 10 to 8000 cycles per second. 


To facilitate operation of this equipment under field con 
ditions, practical operating conveniences were provided. The 
power supplies in the upper deck (which include two d-c 
power supplies each with an output of 200 milliamperes at 
360 volts, and a carrier oscillator which provides 35 watts 
of audiofrequency power) are all fully regulated so that 
changes in supply voltage or frequency do not cause any 
change in operation of the amplifiers. Calibrated gain con 
trols are provided, as well as a calibration-checking cir- 
cuit which affords checks of each amplifier’s sensitivity at 
five points within its operating range. Calibration-check de- 
flections may be placed on any record at any time during 
operation, without disturbing the operation. Each amplifier 
channel is separately constructed on its own chassis, and 
all are replaceable individually; a single separate channe! 
is shown in the photo, at the right side of the complete un't 
All connections are plug-and-receptacle; iaserting an aim 
plifier into the cabinet automatically connects it to t 
power supplies; the cables to the primary element and 
the recording device are plugged into receptacles at the bac 
of each amplifier. 

Such a system as this is as flexible in operation as that 
Fig. 32, and more conveniently used in its special fiel: 
Its cost and complexity are much greater. 

In the operation of a carrier-type system, serious di 
culty often arises when long cables are needed to conne:t 
the primary elements to the amplifier. Both resistance a 
reactance balances must be provided if accuracy is to 
attained, and accurate capacitance balance of long mu! 
conductor cables is not always easy. The difficulty gro 
more serious as the exciting frequency is made higher, b 
in order to operate at high strain frequencies it is nec: 
sary to employ high carrier frequencies. In an attempt 
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nate this difficulty, systems have been developed in 
d-c. excitation is applied to the bridge circuit con- 
ta ng the primary element, then the modulation is per- 
fo ved in the first stages of the amplifier. The same final 
t is obtained but, since it is not necessary to carry 
hi audio frequencies over long cables, there is less dif- 
fic ty with reactance balance of the system. But there is 
difficulty in design and construction of the equipment. 
should be noted that in the amplifying system pic- 
i in Fig. 33 the power supply is contained in the same 
et as are the amplifiers. This is a convenience in op- 
on, but unless care is taken in design it is a fertile 
‘e of hum and other disturbances in the amplifiers. 


§4. DIRECT-COUPLED AMPLIFIERS. 


] irect-coupled amplifiers are employed when it is desired 

ecord steady-state conditions and extremely low fre- 
quencies, and when for some reason carrier-type systems 
are not desirable. They have a further advantage that they 
can be made to respond to very high frequencies at the 
sam: time, whereas carrier amplifiers are limited in their 
upper frequency ranges to about 20% of the carrier 
frequency. 

The design and construction of amplifiers of this kind 
is made difficult by the fact that nearly all of the sources of 
random error (changes in cathode emission, minor circuit 
noise, ete.) in resistance-capacity coupled amplifiers be- 
come major sources of drift and instability when the same 
components are used in direct-coupled amplifiers. The use of 





Fig. 34. Direct-coupled Amplifier and Chart-type Recorder. 
(Courtesy General Radio Company.) 


large amounts of negative feedback can make the opera- 
tion of an R-C coupled amplifier almost immune to changes 
in tube characteristics and in operating voltages, but it 
is not easy to employ this method of stabilization in direct- 
coupled* amplifiers. Increasing the gain of the amplifier by 
increasing the number of stages is an effective method in 
an R-C amplifier, but in a direct-coupled amplifier the cir- 
cuit instability increases rapidly as the number of stages 
is increased, so that the practical limit is quickly reached. 
Another difficulty is that high current output requires 
the use of a number of output tubes in parallel, and im- 
poses exorbitant demands upon the power supply, since the 
entire output current of the amplifier must pass through 
e tubes and must be supplied by the power supply. The 
ficiency of such circuits can never be high if they are 
quired to work into a low-impedance load, such as a mag- 
‘tic oscillograph galvanometer. 
Direct-coupled amplifiers do have a place in measure- 
ment, however, which cannot well be filled by any other 


ae 


“ 


*It should be noted that the abbreviation ‘‘d-c. amplifier’ does 
not necessarily mean direct-coupled amplifier when it is encoun- 
tered in the literature. It usually means a direct-current amplifier 

rrier-type amplifiers will amplify d-c. levels. 





type. In addition to their ability to handle an extremely 
wide frequency range (from static conditions to many 
thousands of cycles per second) they are ideal for record- 
ing low-frequency variations of potential in high-imped- 
ance circuits, where the total voltage gain required is not 
high, and where the frequency range is so low that it can 
be handled by a recording millivoltmeter or milliammeter. 
An amplifier of this type, especially designed for the ap- 
plication, and sufficiently accurate and stable to utilize the 
excellent characteristics of the recording milliammeter, is 
shown in Fig. 34. There are also available cathode-ray 


oscillographs employing direct-coupled amplifiers; these 
have many advantages, especially when studying non- 


repetitive or extremely low-frequency phenomena. 


§5. SPECIAL AMPLIFIERS: INTEGRATING, DIFFERENTIATING. 

It is possible to modify to almost any desired degree, the 
frequency response—and other characteristics—of an R-C 
coupled amplifier; and this facility is of value in the de- 
sign of amplifiers for the study of vibrations or detonation 
characteristics, since tuned circuits may be introduced for 
the analysis of phenomena being recorded. It is possible 
also to incorporate in such amplifiers circuits which will 
respond to rate-of-change, or which will average the sig- 
nal, thus providing the equivalent of differentiation and 
integration. 

For the study of vibrations the integrating type amplifier 
is especially useful, since it is possible to employ a single 
primary element, sensitive to acceleration, and to employ 
a single integrating element to arrive at a measurement 
of velocity, or two integrating elements to arrive at dis- 
placement. It is possible also to employ a velocity-sensitive 
primary element and differentiate once to measure accelera- 
tion. 

Differentiating circuits are extremely useful also in the 
study of explosion characteristics, detonation, or shock 
waves, because with their aid it is a simple matter to em- 
ploy a pressure-sensitive element to record pressure against 
time, or to record change of pressure against time. For 
some measurements the change-of-pressure is a better cri- 
terion. In servo-systems, and in anti-hunt circuits, differen- 
tiating amplifiers are of considerable value; in many cases 
they make possible a convenient method of precise and re- 
liable control. 

Integrating and differentiating circuits may be effective- 
ly introduced into ordinary resistance-capacitance coupled 
amplifiers but, when they are used, more stages of amplifi- 
cation are ordinarily required. The more effective such a 
circuit, the greater loss it introduces into the circuit; so it 
has become almost standard practice always to add a stage 
of amplification when an integrating circuit is used. 

In Fig. 35 a complete amplifying assembly is shown, in- 
corporating both single and double integration when de- 
sired. The cabinet shown holds twelve separate channels, 
which may be any of three separate types; all are the same 
size and interchangeable. These may be wide-band R-C 
coupled amplifiers incorporating integrator circuits which 
may be switched into or out of the circuits as desired, or 





_ Fig. 35. Twelve-channel Electric Gage Amplifier with Integrating 
Circuits. (Courtesy Hathaway Instrument Company.) 
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carrier-type amplifiers, or double-integrator circuits. The 
double-integrator circuits are used always in conjunction 
with a carrier-type amplifier channel, This arrangement 
makes possible any one of three types of operation; (1) as 
R-C coupled amplifiers with a frequency response from 3 to 
6000 cycles per second; (2) as carrier-type amplifiers em- 
ploying a carrier frequency of 5000 cycles per second and 
effective from 0 to about 1000 cycles per second; or (3) 
with single or double integrating circuits and carrier-type 
amplifiers. All the integrating circuits are flat from 3 to 
500 cycles per second. Indicating instruments are provided 
on the control panel by which either static indications or 
average values of vibration levels may be observed. 

This assembly of amplifiers is capable of even more 
varied performance than the set shown in Fig. 33, but it is 
necessarily somewhat larger, since the unit shown in this 
illustration does not contain the power supplies (for which 
see Fig. 28), and the arrangement is such that it is neces- 
sary to interchange amplifier channels to provide the sev- 
eral different types of operation. 

In all these units stabilized circuits are used, so that 
changes in line voltage or other factors does not cause any 
change in performance. 

Units similar to these are available also in smaller, 
lighter form, battery-operated and intended for applications 
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in which extreme compactness is required, as well as ability 
to operate under all conditions and away from line power. 


§6. 


Electrical computation (by electrical circuits designed to 
perform mathematical operations, not simply computation 
by electric-powered calculating machines) is becoming an 
important element in the methods of stress and vibration 
analysis. 

The integrating and differentiating circuits just described 
are special forms of computing circuits, and there are 
many others as well. These range from the complex and 
elaborate harmonic analyzers, employing numerous electric 
circuits and mechanical linkages all codrdinated by servo 
systems, down to the simple resistance-measuring instru 
ments, which compute the resistance of a circuit compon- 
ent by passing a current through it and indicating the re- 
sult on an instrument which is sensitive to the ratio of a 
potential and a current. A very large book would be re- 
quired to describe and discuss all these methods. 

Representative operating principles for the fundamental 
mathematical operations may* well be listed here, although 
obviously there can be no detailed discussion of their opera- 
tion in the available space. 

Addition (or subtraction) may be accomplished by cas- 
eaded voltage dividers, and the sum indicated on a volt- 
meter; see Fig. 386A. 


COMPUTING DEVICES. 
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Fig. 37. Vector Computing Device. (Courtesy Consolidated En 
gineering Corporation.) 





Multiplication (or division) may be accomplished by 
means of cascaded logarithmic potential dividers, which con- 
vert dial settings to logarithmic quantities and add these;' 
then the output potential may be reconverted to arithmetic 
values by a voltmeter having logarithmic response; see 
Fig. 36B. 

Conversion of arithmetic values to trigonometric values 
may be accomplished by means of rotatable transformers, 
in which the output is proportional to the input potential 
and to the sine (or cosine) of the angle of rotation of th 
movable secondary; then the outputs of the several units 
may be combined; see Fig. 36C. 

As many separate circuits must be provided as there ar 
terms to be handled in the computation. 

Extension of these basic methods (and others) to pro 
duce any desired computing device is a matter for the i: 
genuity of the designer. 

One very satisfactory device, employing the principles 
mentioned and used for computing the effective magnitud 
and direction of strain from data taken by three differently- 
oriented strain-gages, is illustrated in Fig. 37. This instru 
ment in a few seconds performs a computation involving 
three trigonometrical terms as well as several other factors 






























XVIII. COMPLETE GAGING SYSTEMS 
The purpose of this concluding chapter is to describe 
complete systems designed for making mechanical measure- 





*This operation is best understood if the device is thought 
as an electrical slide rule. 



























Fig. 38. Magnetic Gage for Enamel Thickness. (Courtesy Gen- 
eral Electric Co.) 
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Fig. 39. Magnetic Gage for Gun-bore Straightness. (Courtesy 
ldwin Locomotive Works.) 

ments by electrical means. These systems are assembled 


from separate units of the types previously described; those 
illustrated here have been selected to demonstrate the man- 
ner in which separate units may be combined; and to illus- 
trate some of the possibilities available through this 
method. 

A complete gaging system comprises three distinct units: 
there must be a primary element or pick-up; there must be 
an associated control device or electric circuit—or an am- 
plifier; and there must be some terminal instrument—an 
indicating instrument, a recording instrument or a con- 
trolled device. These three elements may occur in vari- 
ous electrical or mechanical combinations, or they may be 
entirely separated. But in all cases they—or their counter- 
parts—must be present. A system is complete and self-con- 
tained (except for the primary source of power) when this 
is true. 

A relatively simple self-contained measuring system is 
illustrated in Fig. 38; it is an electromagnetic device for 
measuring the thickness of non-magnetic materials such as 
paint coatings, bearing linings, etc., on steel surfaces. It 
employs the simple inductance-bridge circuit of Fig. 51, 
Part I; it is excited by 60-cycle current direct from the 
line; and it indicates its output on a pointer-type instru- 
ment. Only static indications are available. The measuring 


Fig. 40. Magnetic Comparator Gage. (Courtesy Metron Instru- 
ment Co.) 


head is an iron-cored coil lacking an armature; the metal 
of the specimen becomes the armature when the pick-up is 
applied to the work, and the non-magnetic material provides 
the “air gap.” It is effective only on non-magnetic materials 
backed by magnetic materials. (Measuring the thickness of 
the porcelain enamel surface of an electric refrigerator is 
the subject of the photograph.) 

This gage may be compared to the Haskell Borestraight- 
ness Indicator, Fig. 39, which is employed to check the 
straightness of gun bores after heat-treatment and before 
final machining. In this instrument, a change in air gap is 
produced by any deviation from straightness of the steel 
surface as it is scanned by the guided pick-up head. The 
photograph shows the induction head, the guide-bar on 
which it rides, and one of the centering bushings for the 
end of the bore, as well as the case containing the other 
parts of the electric circuit and the indicating instruments. 

Both of the instruments just described employ the work 
as a part of the magnetic circuit, and both are employed to 
survey a surface rather than to measure individual dimen- 
sions. Other types of instruments contain all portions of the 
magnetic circuit within the body of the device, and convey 
the motion to the primary element through a spindle. 

































Fig. 41. Magnetic Comparator Gage. (Courtesy Federal Products 


Corp.) 
The comparator gage illustrated in Fig. 40 is such an 
instrument. The entire magnetic circuit is enclosed within 
a housing, and the motion of the comparator spindle is ap- 
plied to a movable armature in the primary element. This is 
a relatively simple instrument, but extremely flexible in 
application. The gage head may be moved to any desired 
position, so that pieces of different forms may easily be in- 
spected. Since the device is a comparator gage, it indicates 
differences in dimension from a standard. Each instru- 
ment possesses four ranges or scales of magnification, the 
greatest being twenty times that of the lowest. Models are 
available having magnifications as high as 100,000 or as 
low as 100; for these instruments the value of one scale 
division represents one microinch and one thousandth of an 
inch respectively. For convenience in operation, a fine ad 
justment for zero setting is provided on the panel and a 
guard is placed over the scale-setting switches. 

A somewhat more elaborate instrument of the same type 
is shown in Fig. 41. This also is a comparato1 
in addition to indicating differences from the standard, it 
includes lights which signal instantly whether the piece be- 
ing inspected is within limits, or if it is oversize or under- 
continued on page 912 
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HETHER atomic energy is just around 

the corner or only a dream, one thing is 
certain: You can benefit from the atomic bomb 
project right away! New engineering principles, 
new processing methods, new equipment—mere 
by-products of the atomic bomb—have already, 
by a conservative estimate, more than given back 
America its total investment in atomic research. 
Some of these benefits soon will be available to 
American Industry. For instance: 


The Medical Profession is promised a new, 
more abundant and more useful source of radio- 
activity; extension of cancer therapy; and im- 
proved methods of combating toxicity in 
industry. 


All Industry will be offered new types of pumps, 
and new methods of pumping; new, more effi- 
cient heat exchangers; new high vacuum tech- 
niques; new treatment of metal surfaces to 
prevent corrosion; safer and more economical 
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How to use the 


ATOMIC 





production and use of corrosive chemicals and 
gases; and greater safety in refrigeration equip- 
ment. 


The Gaseous Diffusion Process for the sepa- 
ration of U-235 from Uranium at Oak Ridge, for 
which Taylor is prime contractor for process 
control instruments, is the largest continuous 
process ever dreamed of. This is the process 
engineered by the Kellex Corporation and oper- 
ated by Carbide and Carbon Chemicals Corpor. 
ation. It employs a newly conceived barrier 
system so efficient and so economical in opera- 
tion that it has been selected as one of the pri 
esses to be continued at Oak Ridge. 


~ 


As a result, industry has available for the firs‘ 
time, truly proven diffusion methods. Some almot 
certain benefits will be: 1) Helium produced | \ 
this method rather than by refrigeration. 2) O - 
ygen, Nitrogen, and other rare gases produc: 
without resorting to liquefaction and fraction 
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BOMB 


in Your Business! 


distillation. 3) Direct isolation of Natural Gas- 
oline fractions from crude petroleum instead of 
by fractionation. 


More Precise Process Control Instruments. 
The gaseous diffusion process required the most 
gigantic, elaborate and precise system of process 
control ever conceived. Taylor was asked to as- 
sume the responsibilities of prime contractor for 
developing and producing or procuring the nec- 
essary control instruments. Because of the un- 
precedented processing tolerances involved, 
Taylor engineers had to develop from scratch 
many new types of instruments, and had to set 
up a mass production system to manufacture 
them in fabulous quantities. In addition, vast 
numbers of standard Taylor instruments were 
required. 


Not many of the instrumentation details 
can yet be revealed. But the same men who 
worked them out for Oak Ridge—our research, 


design, production, and application engineers 
—are available to help you solve your process- 
ing problems! May we hear from you? 


Taylor Instrument Companies, Rochester, N. Y., 
and Toronto, Canada. Instruments for indicating, 
recording and controlling temperature, pressure, 


humidity, flow and liquid level. 
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INSTRUMENTS 
ON THE 


Sound-proof and air-conditioned, the new 


MARCH 


Firestone Research Laboratory is thoroughly 


equipped with instruments, some of them specially designed by Firestone scientists. 


Instrumentation Made an Essential Part of Firestone’s 
New $2,000,000 Research Laboratory 


AKRON, O.—Tires that may wear as 
long as the automobile they are used on, 
that won’t puncture, blow out or skid 
on wet and icy pavements are under de- 
velopment by rubber researchers and 
engineers, John W. Thomas, Chairman 
and directing head of The Firestone 
Tire and Rubber Co., said. These are 
but a few of the virtually unlimited 
possibilities for development which will 
be explored in Firestone’s new $2,000,- 
000 laboratory for rubber, plastics, 
metal and textile research. 

Designed and constructed under the 
direction of Mr. Thomas, who rose from 
the company’s first chemist to directing 
head of its worldwide operations, the 


ey 
Noy” 


three-story buff brick, air-conditioned 
building is located on a 20-acre plot 
high on a hill overlooking Firestone’s 
plants. It has approximately 100,000 
square feet of floor space and is equipped 
so that Firestone’s researchers have at 
their instant command a vast array of 
the newest scientific instruments and 
apparatus. 

The laboratory has prefabricated steel 
inner walls and partitions which can be 
moved to completely rearrange the in- 
terior of the building. Scientists work 
in two, four and six-man laboratories, 
but the larger laboratories can be re- 
vised if desired. A six-man laboratory, 
for example, could be divided into one 


Two-, four- and six-man laboratories are found in The Firestone Tire and Rubber Com- 


pany'’s mew research building. The walls come in sections 
laboratory 


desired. Shown here is a typical six-man 
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and can be arranged to any size 


four-man and one two-man labo: :tory. 
or into three two-man laboratorie. The 
fixtures in the laboratories also 
rearranged to meet the varying 

of the researchers. 

Service units provide faciliti 
hot, cold and distilled water, for s 
gas, vacuum, compressed air and : 
range of alternating and direct e 
cal currents. 

Constant temperature and hu 
control has been arranged for an 
red room, an electrical measure 
room and a physical testing room. 
is a large library. An aging labo: 
on the roof is used to check tl 
fect of the weather on material 
products. 

An electron microscope that m 
fies up to 100,000 times compared 
2000 for an ordinary microscope i 
of the important large instrun« 
available to the scientists. An x-ray) 
fraction machine can be used in stu 
ing the crystalline structure of rubbe: 
and other materials. A quartz spectro 
graph and an infra-red spectrograph 
speed analyses. 

One of the departments of the new 
laboratory is an experimental mil! and 
curing room where rubber is com- 
pounded, mixed and vulcanized on a 
miniature scale. 

Another innovation is a machine shox 
where Firestone research men_ build 


Chemicals used in compounding rubber 
ground and mixed in this ball mill at 7 
Firestone Tire and Rubber Company resear 
laboratory 


special scientific instruments they | 
designed. 

Instruments developed by Fires 
scientists* and installed in the lab 
tory include: 

A forced vibrator for determining 
properties of rubber in motion; 

A plastometer for measuring 
liste 


“ey 


others not 
described in 
the Rubber Ind 
Instruments, V« 


*Some of ind 
this news item—wers 
Instruments Do for 

by G. P. Bosomworth, 
Jan. 1939, 36-38 
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sibility of 
aterials; 

‘laxometer to study the effect of 
nd oxygen on stretched rubber; 

a low temperature modulus test 
itus for determining the physical 
ties of materials at temperatures 










10 to —100°F. 
» ty F Cross-bow Plays Modern 
La 
nts Scientific Role 
ratory EAST PITTSBURGH, Pa. — The 
} ef. ross-bow, storied weapon of medieval 
IS an is being used by Westinghouse 
research engineers as a helpmate to a 
nagr mode:n instrument, the electron mi- 
1 wit croscope. Fashioned from tough, flexible 
is one M steel and mounted on a wooden stock, 
ments JB the cross-bow shoots an arrow that 
uv dif draws out quartz filaments so fine it 
study vould take 60 of them to make the 
ubber MH thickness of a human hair. The fila- 
ectro nents—1/30,000th of an inch in diame- 
graph fH ter—are used to calibrate the magni- 


e new 
ll and 
com- 
on a 


e shor 
build 





fying power of the electron micro- 
scope. 

To make such a very delicate thread, 
according to Dr. Alois Langer of the 
Westinghouse Research Laboratories, 
requires a high initial burst of speed 
that “spins out” the heated quartz 
while it is in a fluid state and before 
has a chance to cool and harden. 
The cross-bow is about the simplest 
most efficient instrument for doing 









nee 
objects many thousands of times, 
isers need a very minute “measur- 
g stick” by which to gage its magni- 
tion. A human hair, for example, 
under the microscope at its great- 
magnification, would resemble a 
almost two feet thick. 
of the filaments drawn by 
are so delicate. that they 
isible to the naked viewed 
Inder direct light, Dr. Langer reported. 
rder to be seen they must be held 
against a strong light. 


he electron microscope magni 


are in- 


eye when 


eye-level 








rubbers and rubber-. The light glances off the shiny filament, 


scattering its ray in different directions 
and making the filament appear much 
larger than it actually is. 

When 
wants to replenish his supply of fila- 
ments, he places the cross-bow in firing 
position and attaches a small, cylindri- 
cal piece of quartz to the end of the 
arrow. Using a very hot flame from 
an oxy-hydrogen torch, he heats the 
quartz until it is just about to melt. 

Then he pulls the trigger. The arrow 
darts from the bow at high speed, trail- 
ing behind it gossamer-like threads of 


EAST PITTSBURGH, Pa.—A geared 
turbine locomotive capable of produc- 
ing 6900 shaft hp. has been developed 
by the Pennsylvania Railroad, the 
Westinghouse Electric Corp. and the 
Baldwin Locomotive Works. Higher effi- 
ciency and smoother propulsion are the 
most important of several advantages 
the unit ‘offers over the conventional 
reciprocating drive. Since power is ap- 











the Westinghouse engineer 


Fig. 


Instrumentation of Geared-turbine Locomotive 


quartz. Unbroken pieces up to 20 feet 
in length are not unusual, but more 
often the filaments are dispersed in 
smaller sections throughout the route 
the arrow takes. They are extremely 
flexible and can be wound round the 
finger like thread. 

To measure the actual thickness of 
the filament, it is first put under the 
electron microscope and gaged by other 
methods of comparison. Once its diam 
eter has been fixed accurately, it be 
“measuring stick” for deter- 
mining the magnification power of the 
electron microscope. 


comes a 





plied evenly through the gears, the 
unbalanced forces inherent in a recip 


rocating engine are eliminated. An in- 
crease of about 20% in efficiency not 
only means a savings in fuel but, more 
important, greater power output fron 
a locomotive of given dimensions. De- 
signed for fast, long-haul passenger 
and freight service, the locomotive ear 
operate at speeds up to 100 m.p.h. Two 
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turbines—one for forward motion and 
one for reverse—are connect:d through 
double helical reduction gears to the 
middle two of the four driving wheels. 
The forward unit, which is composed 
of six stages, is always engaged with 
the main gear pinion; the reversing 
unit, a single-stage Curtiss type, is 
connected only when the controls are 
in reverse. Steam at boiler outlet is 
310 lbs./in.? and 750°F., which is com- 
mon for modern locomotives. Stoker- 
fired, the locomotive uses coal as fuel. 
The two photographs show its instru- 
mentation. Fig. 1 shows the “instru- 
ment board,” located between the en- 
gineer and fireman in the center of the 
cab; Fig. 2 is a continuation toward 
the right, showing the engineer’s sta- 
tion. The control for the locomotive’s 
forward and reverse motion is as sim- 
ple as the gear shift in an automobile. 
When the lever on which the engineer 
has his right hand is in “low,” the 
reversing clutch is engaged. “Neutral” 
is the off position, and “intermediate” 
allows steam to flow through the for- 
ward turbine. Should either turbine 
overspeed or the lubricating oil pres- 
sure fall below 5 lbs./in.*, air in the 
relay - controlled pneumatic cylinders 
which supply air to the steam flow 
valves is exhausted to the atmosphere 
and the throttle valves close. In addi- 
tion, a zero speed interlock prevents 
both turbines being engaged at the 
same time. 





Ground Glass Surfaces 
Now Tested by Inter- 
ference Method 


ROCHESTER, N. Y.—A new and 
simple method of testing the accuracy 
of ground optical surfaces by means of 
optical test glasses has recently been 
adopted at the Bausch & Lomb Optical 
Co. It employs wax to fill up the mat- 
rix of furrows created by emery in the 
grinding process. 

A ground surface is such a poor re- 
flector of light that the usual method 
of examining polished surfaces by the 
light interference method is not prac- 
ticable. When the rough surface is 
given a smooth coating of wax it be- 
comes reflecting and its accuracy may 
be measured with a test glass having 
the proper curve or degree of plane- 
ness. This method is valuable in saving 
time and labor in the polishing process 
which follows grinding. The previous 
method of testing, by an optical spher- 
ometer, afforded less than one-tenth the 
accuracy attainable with test glasses. 

The test glass, employed with mono- 
chromatic light, is the most accurate 
method known for discovering the na- 
ture and amount of surface irregulari- 
ties. Utilizing light waves, test glasses 
disclose, by the arrangement of inter- 
ference bands or rings, the nature and 
amount of irregularity in fractions of a 
millionth of an inch. 
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Mercury Contactor-Speeds Coil Testing 


SCHENECTADY, N. Y.—A mercury 
contacting device suggested by R. L. 
Bainbridge, a foreman at a General 
Electric plant, facilitates the testing of 
random-wound coils before they are 


BUSHINGS COIL 


contact is made through the bar. 
sectional area at the end. A 
amount of mercury is placed in ; 
well with an opening and bush 
about 1/16” diameter for the coi] 
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assembled in small motors. With the 
equipment formerly used, it was neces- 
sary to heat the wire in a gas flame 
and wipe while warm with alcohol to 
remove the insulation. The wires were 
then placed on two copper contacts and 
the necessary electrical test made. 
The new device originated by Mr. 
Bainbridge makes removing the insu- 
lation unnecessary. The ends of the 
wires are placed in mercury pools and 


The steel well is connected to thi 


maintained below the bottom of 
bushing, preventing it from sp 
out of the well. A safety seal of 
of water is maintained on top of 


mercury. It is seldom, if ever, neces- 
sary to clean or replace the mercury. 


The mercury contactor has mad 


test more positive and safer and has 


cut testing time by 50%. 





Photoelectric Method Speeds Analysis of 
Metal Particles for Powder-molding 


EAST PITTSBURGH, Penna.—Us- 
ing only a glass tube, a photocell, a 
light source and a milliammeter, P. R. 
Kalischer, Westinghouse research met- 
allurgist, can determine grain sizes of 
metallic powders as small as 1/25,000 








inch in about one-thirtieth the time 
usually required for such an analysis. 
Since the quality of a metal part pro- 
duced by powder molding is dependent 
on the uniformity of the metal grains, 


this determination of particle-size dis. 


tribution is especially important. 


Photocell and light source are mounted 
on opposite side of the glass tube and 


the output of the photocell is read 


the milliammeter. To analyze a powder 
specimen, Kalischer mixes one gram of 
it in the tube with 100 c.c. of acetone, to 
which a small amount of a wetting agent 


(isopropyl xanthate is one of the b« 
is added. The tube then is clamped 


a time-opacity curve is plotted for t 


known particle size, Kalischer can 
termine both average particle size 
relative quantities of particles of 
ferent sizes in the test specimen. 

The usual method of measuring | 
ticle size is to float the powder in gly 
ine and measure the settling time. S 
a test requires about eight hours 
does not give accurate informa 
about relative quantities of grain 
different sizes. The simplified Kalis« 
method takes only 15 minutes. 

Use of a wetting agent is import 
because it helps the acetone to surr« 
each metal grain completely. Wit! 
it, the settling rate might be affe 
by tiny air bubbles surrounding 
grains. 


test 
equipment. The level of the mercury js 


ling 


tween the photocell and light source 
As the particles settle, the liquid clears 
and transmits more light to the cell. 
From timed readings of cell current 
hat 
specimen. By comparing this curve with 
similar curves for standard powders 
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Control panel hanging at one of the ‘‘skyscraper’’ Jevels. When air hammer and other con- 
struction MOises were too great, the doubly-insulated telephone was discarded in favor of colored 
signal lights for communication with operators at the tube head. 


X-ray Testing Helps Speed Construction of Huge 
Catalytic Unit 


COVINGTON, Ky.—Engineering in- 
genuity and daring, demonstrated in 
the suecessful application of x-ray test- 
ing to steel welding at dizzy heights, 
is disclosed by the Kelley-Koett Mfg. 
in describing an accomplishment 
that has provoked much favorable com- 
ment in construction circles. 

As result of the successful use of 
x-ray testing, it was possible to com- 
plete the “Baltimore Giant,” a fluid 
vatalyst cracking unit at the Standard 
Oil Co. of New Jersey’s refinery in 
Baltimore without welding defects. 

Construction engineers of the M. W. 
Kellogg Co., general contractors and 
engineers for the “Baltimore Giant,” 
were asked to x-ray all welds in the 


Co. 


huge plant. This was the result of the 
Standard Oil management’s desire to 
have a composite survey of the 250-ft. 
high “Giant”—a key unit in a $14,000,- 
000 modernization program for produc- 
tion of high-octane aviation gasoline. 
Technical experts of the Kelley-Koett 
Co. working with the Standard Oil De- 
velopment Co. and the Kellogg organi- 
zation “stripped down” a standard 220,- 
000-volt x-ray unit made by the Cov- 
ington concern. After fitting the unit 
to special rigging, the equipment was 
crane-hoisted from level to level. 
Despite rainstorms and unavoidable 
jars and jolts, the x-ray testing of 
welds in awkward locations went for- 
ward successfully and is believed to be 


X-ray machine set up ready for action. Transformers, etc., are stripped of protective covers 


to reduce weight. The only protection against the elements is tarpaulin shown rolled up atop 


the suspended crib. 


This photograph shows the x-ray tube head 
mounted ‘way down inside the reactor for 
“‘shooting’’ the welds in the lower conical 
sections. Note the monorail carriage and 
track paralleling the weld seam. 


another indication for post-war x-ray 
applications in shipbuilding, plant con- 
struction and other heavy-industry 
uses. 





Lamp Base Inspection 


Speeded Four-fold 


BELLEVILLE, N. J.—A new inspec- 
tion machine put into operation at the 
Westinghouse Lamp Division plant here 
speeds the inspection of metal lamp 
bases as much as 400%. Designed by 
Westinghouse engineers, the machine 
saves women inspectors the tedious 
task of picking up each lamp base to 
check it for possible flaws. Now the 
screw-type metal cylinders are turned 
over automatically as they jiggle down 
a sloping table which is vibrated by a 
motor underneath. 

Inspectors used to sit beside a con- 
veyor belt and as the metal lamp bases 
passed along, the women picked up each 
base to inspect both sides. This was 
tedious and time-consuming work. 

In the new operation, the brass- 
plated iron bases are carried by a con- 
veyor belt to the end of a sloping metal 
table where they are dumped. Each 
base rolls into one of eighteen parallel 
grooves which extend half the length 
of the table. The table’s vibrating mo- 
tion and downward slope causes the 
bases to move along while the opera- 
tors inspect the top sides. 

Then each base enters a short “turn- 
over tube,” consisting of several pieces 
of steel in spiral shape. The spiral 
turns each base upside-down so the in- 
spectors can see the other side without 
picking up any but defective bases. At 
the lower end of the table, the bases 
fall off into barrels and are packed. 
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Electrical Control Instrumentation of Cal Tech Wind-tunnel 


[SEE FRONT COVER] overloaded. Also on this board are auto- d-c. main drive motors. This 1 
PITTSBURGH, Pa.—Unique among matic current regulator circuits for the provides for the most economic | 
laboratories in which tomorrow’s air- division of load between the a-c. and of load between the two units, s 
planes are being developed and today’s _— 
improved and perfected is the Southern orn sot dl 
California Coéperative Wind Tunnel at Meet ets #4 gi 
Pasadena, Calif., operated by the Calli- ee | | 
fornia Institute of Technology and YA Ny 
owned jointly by Consolidated Vultee 
Aircraft Corp., Douglas Aircraft Co., 
Inc., Lockheed Aircraft Corp. and North 
American Aviation, Inc. In the test 
section of the tunnel, model planes 01 
components of full-size aircraft may be 
studied at pressures from one-fourth to 
four atmospheres, and at air velocities 
ranging from a gentle breeze to a supel 
hurricane of 700 m.p.h.—nearly the 
speed of sound. Working section of the 
tunnel may be hermetically sealed to 
enable model adjustment or modification 
without loss of pressure or vacuum in 
the rest of the turinel. 
Fig. 1 [cover photo—Ep.] shows the 
master control room from which all op 
erations are directed and controlled and 
to which all scientific data are trans 
mitted. The main control console, left 
and center, was manufactured by West- 
inghouse. Forces and movements acting : 
on models under test are indicated on to : : main 
the large dials at the right and on light “\ ; the se 
bank panels, center. Readings are re- at Al speed 
corded automatically on instruments in i? f Mover 
the foreground. 4 matic: 
Many important control devices are electr 
mounted on the Westinghouse auxiliary ; tain t 
control switchboard shown in Fig. 2. . can be 
This photo shows George Karr, Jr., elec- gener: 
trician, setting manually the desired ; : a. rheost 
power factor for the entire tunnel powe1 a : Bt the at 
system. This is done through a phase- i y . ; regule 
shifting motor which sets the control switel 
point desired. Then the power factor stat 1 
regulator, shown in the glass-covered sil | ie. ' other 
case directly above the power factor - - tial fis 
adjuster, maintains the set power fac- rN ing th 
tor. The power factor for all power, This 
both 2300- and 440-volt, is maintained type, 
by adjusting the field excitation on a zero |] 
synchronous motor driving the main and t 
motor-generator set. The power factor voltag 
regulator does this automatically by tain é 
controlling a motor-operated field rheo- d-e. “ 
stat. At the top of the center panel still. 
above is an annunciator relay set-up. Pov 
In the event of an automatic shutdown % PS under 
of the tunnel or any of its electrical oO eat ey) es : ae ‘ Tunn 
equipment, this indicates the device a4" . > : { ingho 
which caused the shutdown, hence en- | . : Ne: Fig. 
ables the operator to restore service show! 
promptly. Directly below the annuncia- motor 
tor is a self-balancing temperature-re 2 tre 
cording instrument which automatically able - 
records the temperatures of various im- Moto! 
portant pieces of electrical equipment 
in the tunnel. Directly to the right of 
the temperature recorder is a DT-5 
electronic speed regulator which auto 
matically maintains the speed of the 
main drive by control of the shunt field 
of the main direct current motor. At the 
bottom of the center panel section are 
overcurrent relays which automatically 
disconnect the main d-c. motor from its 
generater in the event the motor is 


o4 
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tain an overall economy of oper- 





_ 8 shows the motor-operated gang 
rhe stat for the wind tunnel. Walter 
Kir cele, foreman electrician, inspects a 
We ‘inghouse motor-operated gang 
he stat. Remote-controlled from the 
le, this rheostat simultaneously 
ls the shunt field, the commutat- 
ing field and the series field for both 
the wain drive d-c. motor and the gen- 
raior supplying power to that motor, 
hence controls the speed of the motor. 
An electronic speed regulator super- 
noscs a control on the shunt field of the 

























Fig. 4 






main drive d-c. motor over and above 
the setting of the gang rheostat, if the 
speed should vary from its setting. 
Movement of the gang rheostat auto- 
matically changes the calibration of the 
electronic regulator so that it will main- 
tain the speed set. Behind Mr. Kinkele 
can be seen a portion of the main motor- 
generator set synchronous motor field 
rheostat. This latter rheostat is under 
the automatic control of a power factor 
regulator on the auxiliary control 
switchboard. On top of the gang rheo- 
stat is a small motor which drives an- 
other rheostat controlling the differen- 
tial field for the main generator supply- 
ing the main direct current motor drive. 
This rheostat, of the voltage-dividing 
type, enables the unit to go through a 
| zero position and on to negative values 
and thereby brings down the residual 
voltage of the generator so as to main- 


tain a zero voltage on the main drive MEANS MAXIMUM PERFORMANCE 
d-c. motor to prevent creeping at stand- AT A N ECO N 0 M | C Al P p | CE Bas 


still. 


Power used to drive model planes . : 

; “ar : ve : I < 4 5 é - é é - 
under test in the new Codperative Wind srcee-wi . onan rd rch design th an theory and ate 
Tunnel is controlled through the West- ee ee ee eee reves! Resn 
inghouse-built switchboard shown in fact-finding — nothing is taken for granted. For the STANCOR 

engineer is as persistent as he is practical, demanding—and 


Fig. 4. Gene Boehme, electrician, is _ ; . 
shown moving a control switch for a receiving—high standards of performance. 













































motor-operated rheostat. Such rheostats Engineering design implies more than mere conversion of the 
a frequency and voltage of vari- customer’s electrical requirements to manufacturing specifications. 
able - , 7 e > +. . Po — = @. ie 

e-frequency motor - generator sets. At STANCOR it includes the employment, to the greatest advantage, 







Motor-operated rheostats provide two 
speeds, both slow and fast. They are 
equipped with indicating lights so that 
when nearing the end of their travel, Competent laboratory and sales engineering facilities are avail- 
indicating lights above each control able NOW to meet your most exacting transformer specifications. 


Switch show the operator their relative 


position. One control switch is used for 

fast movement and one for slow move- 
STANDARD TRANSFORMER CORPORATION 
1500 NORTH HALSTED STREET CHICAGO 22, ILLINOIS 


of ‘selected materials to achieve optimum performance —all with 
the constant practical thought—more useful watts per dollar. 























ment of each rheostat. This control 
switchboard is installed adjacent to the 
va~iable-frequency units in the tunnel 
power house. 
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From before Pearl Harbor 


to Final Victory 


Now, for the first time, it can be 
told . . . the story of how Breeze 
built mechanical precision into elec- 
tronic vision for the U.S. Signal 
Corps . . . to keep radar accurately 
beamed ... to put guns on target... 
and to blast enemy aircraft out of 
the skies. 

Pioneered in the late 1930's, the 
Breeze Mobile Antenna Mount for 
anti-aircraft radar was in the. war 
from before the start to the finish. 
It was a Breeze-Mounted radar set 
that detected the Japanese sneak 
attack on Pearl Harbor on Decem- 
ber 7, 1941. Rushed to England in 
the worst days of the war, Breeze- 
Mounted radar first helped to keep 


BREEZE PRODUCTS AND SERVICES: Radio Ignition Shielding for Radio Noise Suppression * 
Aircraft Tab Control Systems °* 


Electrical Connectors °* 


Storters (Manufactured under Coffman patents) 
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BREEZE-BUILT MOUNTS 
heot RADAR on the team 


AAA AVS. 


a 


later reduced 
75 per 


Hitler out of London; 
buzz-bomb effectiveness by 
cent. 

Before Victory was won, thou- 
sands of Breeze-built Mounts were 
produced and delivered —in time 
and on time to every theatre of war. 
This production record, backed by 
product performance, offers further 
convincing evidence of the wide 
range of Breeze “know-how”. Listed 
below are other Breeze products 


Internal Tie Rods ° 
Flexible Metal Tubing * Heat Treating * 


Flexible Shaft and Case Assemblies °* 
Metals Fabrication °* 


eaaery a | 


am 





which have made the Breeze Mark 
the mark of dependability the world 
over. The diversified skills and facil: 
ities which enabled Breeze to build 
these precision items in huge quan- 
tities for war are now availabl: 
other manufacturers for peacetime 
production. Perhaps Breeze can 
solve that complex production 
problem for you. For a comp!et 
analysis and recommendation, «all 
in a Breeze Engineer. 


NEWARK 7, BRE E: 
‘J RF 


CORPORATIONS, INC, 


Flexible Shielding Conduit and Fittings * Mv ple 


Cartridge E: ine 


Armor Plate * Books! ** 








Mark 
world 
facil: 
build 
quan: 
yle to 
etime 
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avigation Automatic- piloting Power plant Automatic- landing Aerological 
Communication Flight-testing Production Instrument-testing 
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Transparent Mock-up for Automatic-pilot 
Instruction 


By N. F. McFADDAN, Los Angeles, Calif. 


EREWITH are some photographs taken at the Douglas 

Army Service School in Santa Monica, Calif., show- 

ing an automatic pilot mock-up, for teaching the 
A.T.C. Army boys the operation of the hydraulic type of 
automatic pilot. 

The mock-up was built by the Douglas Research Depart 
ment under the direction of the writer. The table is of birch 
wood, six by four feet. The plane has a metallic finish; and 
is mounted on Piexiglass rods above the table top; all fluid 
lines are of “Tenite” tubing; the components of the main 
hydraulic servo unit that operates the rudder, ailerons and 
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elevators are of Plexiglass. Red hydraulic fluid is used so it 
is possible to trace the flow through the system by observing 
the air bubbles. The air and fluid filters are also of the same 
transparent material. 

It is possible for the student to sit on a saddle on one end 





ele 


$M 77290 9-6-4 


of the table and by turning on the electric motor located in 
the base of the table, get the proper vacuum and fluid pres- 
sure on the dial gages in front of him, and then, by a set 
of standard rigged controls, proceed to bleed and check out 
the Automatic pilot. 

The mock-up uses a standard Sperry A3 or Jack & Heintz 
A3 Automatic Pilot. A more detailed technical description 
seems unnecessary in view of the clarity of the photographs 
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Storing Instrument Springs 


By GEORGE A. KAPLAFKA, Instrument Dep’t Repairman, 
Thompson Aircraft Products, Cleveland, Ohio 


N the section of your magazine occasionally devoted to 

Shop Kinks I run across some helpful items. With this 
in mind I submit the following spring-storing idea. It may 
be as old as the hills but I’ve never seen it. 

Tiny instrument springs generally become meshed together 
when stored in small boxes and in the separation process 
they require time and much patience to get them unmeshed 


Last guide is folded 








and unkinked. To make a “vertical file” for them, squares of 
cardboard anywhere from %” to 2” square are cut out and 
a tiny hole is pierced in the center of each. (The 3 X 5 index 
cards found in most offices make a good stock to use.) Any 
stiff wire will do as a center rod to hold springs and card- 
board in place. I used a No. 12 copper wire. For a clamp at 
the back, a small piece of cardboard is folded in half as 
shown and inserted last to hold the other guides in place. 
The front card is easily lettered to identify the springs 


stored. 
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Power Supply Tester for Electric Gyros 


By M. J. WIGGINS, AMMI/1c, NATTC, Chicago, II! 


HE present trend seems to be toward electrically-ope: 
ated gyro instruments. Most of these units require 115- 
volt 400-cycle three-phase power supplies. This power is 
usually furnished by an inverter operating from the air- 
plane’s battery. During installation and trouble-shooting, 
it is necessary to check both the voltage across each phase 
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MB :1-INCH: METERS 


FOR THAT PORTABLE EQUIPMENT YOU'RE PLANNING 


SPACE-SAVING AND WEIGHT-SAVING, these 
miniature meters provide design simplicity 

. with no sacrifice in accuracy. 

Seales are sharply defined—easy to read. 
Accuracy is within the 2% specified in the 
AWS. And they’re engineered and con- 
with 
extremely light, sensitive moving element, 
Alnico No. 5 magnet, precision pivots, jewel 
bearings, hermetical sealing .. . 
other quality features. 


structed to retain that calibration... 


and many 
Shock, vibration, 
temperature extremes, moisture are resisted 
successfully. 

These 114 oz. instruments have the re- 
quisite sensitivity for many electronic ap- 


plications. And for other purposes where the 
measured quantity depends upon electrical 
variations. Available in standard DC ranges 
from 100 microamperes through 10 milli- 
amperes ... and 0-10 and 0-50 millivolts. 
Adapted to other ranges with standard 
shunts, multipliers, rectifiers. 

MB also presents a 114 inch series, self- 
contained in all standard DC ranges, and 
rectifier AC voltmeters and milliammeters. 

Write for details and the engineering 
assistance that’s ready to adapt these two 
sizes to your plans. 


THE 


MB 


MANUFACTURING COMPANY, INC. 


instrument Division 
331 East St., New Haven 11, Conn. 


ELECTRICAL METERS FOR AIRCRAFT AND PORTABLE EQUIPMENT 
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It doesn’t matter to 
C.M.H. Stainless Steel Bellows! 


You can’t choose the temperatures of each bellows 
application, but you can use a product engineered to 


perform with equal efficiency .. . 


at both ends of the 


thermometer! We mean C.M.H. Bellows, made of 18-8 
Austenitic Stainiless Steel, with a working range of sub- 
zero to a scaling point of 1800° F.—wide enough to 
meet practically any heat or cold requirement. 


Notice below the other advantages stainless steel 
and C.M.H. design bring you. Check and compare... 
and we think you'll want the full story of C.M.H. 


Stainless Steel Bellows! 


Ask for Chicago Metal Hose Form SS B 2 on which to 
submit your bellows requirements. It will save you time 
... assure more accurate transmittal of essential data. 


* Corrosion resistant 
qualities of stainless steel 
enable wider application 
of C.M.H. BELLOWS. 

* Multiple ply construc- 
tion gives even greater 
strength factors when 
needed. 

* Ferrous fittings, attach- 
ed by Circular Seam Weld- 
ing, assure permanent, 
leakproof joints. 

*% Uni-metal assemblies 
avoid the costly troubles 





encountered where bi- 
metal types or solder 
joints are used. 


* Long lengths are stand- 
ard production permitting 
economical use of C.M.H. 
Stainless Steel BELLOWS 
for many unusual types 
of applications. 

% Better delivery sched- 
ules are possible because 
C.M.H. BELLOWS are 
standard production 
products. 





Flexible Metal Hose for Every Industrial Use 





fo Fr I 
CHICAGO MET 
WHEE 


Ld 
AL HOSE Corporation 


& mavwoon, wunois 


Piantss Maywood and Elgin, If. 
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and the phase rotation of the inverter. If the phase rota 
tion is reversed the gyro motors will run backwards, caus 
ing the various erecting mechanisms to operate in the 
wrong direction. 

The unit described here was built to permit these tests 
to be made quickly and safely. Using a multimeter and 
test leads, or similar testing equipment, in back of a 
crowded instrument panel could cause shocks or shorts 
which might be dangerous at this voltage and frequency 

To test an installation, the Cannon plug is removed fron 
the indicator and plugged into the corresponding connector 
on the test box. The inverter is turned on and the voltag 
output of each phase is read on the voltmeter. The voltag: 
switches are thrown in the direction shown by the engraved 
arrows to read across the desired phase. The phase rota 
tion is checked by throwing the switch to RED and the: 
to GREEN. If the rotation is correct the red light will be 
brightest in the RED position and the green light will b 
brightest in the GREEN position. If the green light i 





Cash for Shop Kinks 


on instrument testing, 
repair, installing, etc. 
Cc 


This is to remind our readers that Instruments pay 
$5 (or more*) for each shop kink or other time-savin; 
and accuracy-promoting idea accepted for publicatior 


The following rules must be observed: 


1. Type double-spaced on one side of pape! 
Author’s name and address at top of firs! 
page (envelopes get lost!) 

Diagrams must be in black ink (ne blueprints) 
Lettering (if not made with aid of machine) ma 
be soft-pencil, to be inked-in by Instruments. 
Only professional-grade photos will be ac 
cepted (preferably 5x7 or 8x10 glossies). 
Each contribution to describe ONE method o: 
device. An author may send as many as h« 
likes. 
Mail all entries to Shop Kinks Dep’t of Instru 
ments, 1121 Wolfendale St., Pittsburgh 12, Pa 
*Five dollars is for textual entry accepted: a greater mini 
mum is paid for accepted entries inciuding: drawings an 
photographs, 


Share Your “Know-how” 














Air Express speeds 
the day shell listen to 


ER NEW FADO 











Yes, as industry races against time to 
make more and more radios, irons, 
washing machines and other goods the 
public wants and needs, Air Express is 
helping to get them faster. 

Here’s how. When a plant makes 
production changes, new tools, dies, 
machinery and parts are needed fast— 
critical material that is obtained via 
Air Express in a matter of hours. With 
such delivery speed, industry as a 
whole is gaining millions of man-hours 
in getting consumer goods back on the 
market and into the home. 


Here's where we go on record: 5 ift fi Ex dB ° B 
% clarostat Series MMR bakelite- pect Y alt press-a Good Business Uy 
insulated metal-clad resistors are When time means man-hours saved, production gained 
definitely COOLER than any other — a customer made — Air Express “earns its weight in gold” -” 
similar types, SIZE FOR SIZE; or put- | as thousands of firms, large and small, have learned. mines | 2° sth | 25 to. | 40 tos wclae st 
ting it another way, these resistors Shipments travel at a speed of three miles a minute ls1.00 |s1.00 |$1.00 [$140 | 35 
will DISSIPATE MORE POWER for _ between principal U.S. towns and cities, with cost includ- | 104 | 125 420 | 105 


the same temperature rise, SIZE FOR ing special pick-up and delivery. Same-day delivery be- {5 | 1" | 12 7.00 | 175 
' . tween many airport towns and cities. Rapid air-rail service 4.26 | 2.19 tase | 3 
SIZE. * That's our statement. We in to 23,000 off-airline points in the United States. Service = want 


vite your own tests. * Sample on direct by air to and from scores of foreign countries. as 
request, when you write on business 
request, if you write on business 
letterhead. Also detailed literature. 


SG 





TYPICAL RATE CHART 





















































Write today for “Jig Saw Puzzle,”-a booklet 
packed with facts that will help you solve 
many a shipping problem. Air Express Di- 
vision, Railway Express Agency, 230 Park 
Avenue, New York 17. Or ask for it at any 
Airline or Express office. 

Phone AIR EXPRESS DIVISION, RAILWAY EXPRESS AGENCY 


a \\ wi 
CUA OSTAT MFG. (0., lnc. * 285-7 N. Gta St., Brooklyn, N.Y. Representing the AIRLINES of the United States 
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brightest in the RED position the phase rotation 
wards and should be corrected by reversing any tw 
in the inverter output cable. 

The construction of the tester is apparent from th. 
and diagram. A rotary switch, if available, could b: 





KESTER FLUXES 






stituted for the two toggle switches. However the gs 
shown works very well and the s-p.d-t. switches are u 
easier to get. The three connectors are wired in pa 


and will take care of the General Electric gyro h: 


Solder WZ and directional gyro, the G.E. Autopilot control unit 
the Sperry Attitude Gyro indicator. 


0 






Soldering Aluminum Without Flu 
By T. E. JOHNSTON, San Diego, Calif. 

} is relatively easy to solder aluminum without fi 

any kind if the basic principle is understood. The 1: aso; 
it is difficult to solder to aluminum by ordinary methois js 
because of the presence of an oxidized layer on the surface 
of the aluminum. This oxidation takes place very rapidly 
on a freshly-scraped surface. However, if a puddle of solde; 
is melted to cover the surface which it is desired to solder t 
and the aluminum scraped underneath the puddle, there is 
no chance for the surface to oxidize. Usually the scraping j 
done with the point of the soldering iron although other 
tools may be used for the purpose. This method will be fow 
to give very good soldered joints. However, since the appear 






» 


cs 





































ance may be deceptive, every joint should be tested for m« ~~ 
chanical strength. Dit 
ee aia 
+ ° ° ” fur 
Calibrating 100 Manometer P 
By J. C. G. c 

Bm cet of a 100” orifice meter against a wat: 
column usually calls for a step-ladder or a periscop oi 
The men in the Instrument Shop of General Petroleum i: = 





Torrance, California, have really solved the problem. They 
have installed a well (pipe) through the bench and floo 
i : and suspended the manometer on a counterweight, guided it 
protect your product against solder failure! No by two wires and use welding hose for flexible connections 


matter what type of soldering—delicate dip- Result, the reading can always be taken at eye-level. Nic 
soldered electrical connections, sweating opera- ®°!"8 G.P.! 
tions, or various types of seams— Kester makes 


the right and specific flux to prepare the way Rivet Anodyzing Improved and Speeded 


for tight, trouble-free solder bonds. ‘ " 
: by Automatized Inspection 


For over 46 years, Kester has been the leading rey e : 

sn the field of ld Kester fl f BALTIMORE, Md.—An automatic device developed b) 
ee a ee, ee ee — o Walter H. Bankard, of The Glenn L. Martin Co., is attached 
highest quality and unvarying uniformity, have to a standard rivet sorter [see Instruments, August 194: 
been perfected through laboratory research and 
practical experience. 





Kester Fluxes are scientifically compounded to 























9-28-4! 





For any solder problems you may have—consult 
Kester engineers. They'll gladly recommend the 
right flux to insure the lasting quality of your 
product ...and at no obligation. 







yy BUY VICTORY BONDS x 





KESTER SOLDER COMPANY 
4216 Wrightwood Ave., Chicago 39, IIl. 


~ Eastern Plant: Newark, N. J. 
eerttl ew | Canudian Plant: Brantford, Ont. 


KESTER 


STANDARD FOR INDUSTRY 
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lectronte 


OISTURE 
EGISTER 


win [IEW K-2 ELECTRODE 


ests flat, irregular and curved surfaced 
materials in 3 seconds or less 


Here is the all-purpose moisture testing instrument you have 
been waiting for. 

Each button of the electrode is individually spring-cushioned 
to allow maintenance of contact regardless of contour — ro 
points to break off or injure surface. It is completely portable, 
and can be operated by anyone. 

The same exacting scientific research and precise engineering 
development that have made L-2 (lumber) and V-2 (veneer) 
models of Moisture Register the standard in their fields make 
the new model K-2 an accurate, dependable addition to this 
famous line. Write today for complete information, specify- 
ing type of material and per cent range 
Direct yeading of moisture content you wish to test.— 
dial shows mois- Moisture Register Co., Dept. F, 133 North 
ture content of: Garfield Avenue, Alhambra, California. 
Paper in Stacks = 


or Rolls 
Cloth in Bolts 


— Plaster This instrument is distinctive 

og. Gud mony among clean-out U type man- 

: ometers because of its double 

head—removable clean-out 

heads at both top and bottom. 

ions These heads are easily discon- 

Nice es ot a are nected permitting quick and 

f 3 mm frequent cleaning of complete 
instrument. 


The manometer (Model B- 
1275) has a large bore Pyrex 
tubing of %” inside diameter 
which gives a flat indicating 
fluid meniscus. Bold numerals 
and graduations facilitate dis- 
tant reading. Scale is adjustable. 


B-1275 is designed for maxi- 
mum line pressure of 100 Ibs. 


per sq. in. It has holes for 

R H E OS TA TS mounting to wall or panel. Ask 

for Catalog C-11 giving other 

The Ward Leonard line of rheostats includes the features of this outstanding 

widest range of sizes, tapers and current ratings 

from the tiny types for radio to huge multiple 

assemblies for the heaviest industrial use. Smooth THE MERIAM INSTRUMENT co. 

operation, durable contacts and extreme dependa- 10958 MADISON AVENUE « CLEVELAND 2, OHIO 
bility characterize all Ward Leonard Rheostats, Re- WESTERN DIVISION: F 


sistors and Relays. Write for bulletins of interest 1418 WILSON AVE., SAN MARINO, 9, CALIF. 
to you. IN CANADA: PEACOCK BROS., LTD., MONTREAL 


WARD LEONARD) == MERIAM : 


RELAYS » RESISTORS « RHEOSTATS | * Onstiuments 


Electric control (WL) devices since 1892. i ESTABLISHED 1911 


WARD LEONARD ELECTRIC COMPANY ___ MANOMETERS, METERS AND GAUGES FOR THE ACCURATE MEASUREMENT 
38 SOUTH STREET, MOUNT VERNON, N. Y. OF PRESSURES, VACUUMS AND FLOWS OF LIQUIDS AND GASES 
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instrument. 
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CCURATE control of temperature or pH is vital to modern heat treating or chemical 
processing. because only in this way can uniform quality be obtained under 

mass production conditions. 
Potentiometers have made such control possible, and “the heart” of these instruments in 
most cases, for over 25 years, has been the Eplab Standard Cell. This cell is a “yardstick” 
for the translation of voltage to temperature. The first commercial cell of its type, constant 


research has made it “as standard as sterling”. 
When you buy potentiometers. specify Eplab Standard Cells. 


THE EPPLEY LABORATORY, INC. 


SCIENTIFIC INSTRUMENTS + NEWPORT, R. 1., U.S. A. 






Aes 


EPLAB Standard Cells ‘x.’osve00%.'s07° 
| ways to save 
va TIME & MONEY! 
"Mead Indushial 


For WOOD - PLASTIC - METAL 


New circular explains, illustrates 18 ways in which the Mead 
Industrial Burring Machine saves time and money—also con- 
tains special Grit Guide. Every industrial plant needs this ‘Jack- 
Of-All-Trades” machine. Your burring can be done in “free 
time”—install these machines by every machine tool which 
leaves burrs. Grinds, finishes both outside and inside cut-out 
openings. Immediate delivery in most cases. Write for the in- 
formative Money-Saving circular now. 


MEAD SPECIALTIES COMPANY 


4114 Nerth Knox Ave. Dept. II-125, Chicago 41, Ill. 
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pages 466-467] and has been the means of improv; 
methods of anodyzing rivets, so as to increase the 
and cut down on man-hours. 


Mr. Bankard’s development is a special electronic 
of low voltage, with a magnetically-operated lever w} 
energized by completing an electric circuit between the 
and the contact point. As the rivets pass through the 
rator, the contact point touches the head of the rivet, a if 
the rivet does not come up to anodic specifications, a 
relay is energized, and the relay throws out the rivet 



















































The electronic control was designed by Mr. Banka: ¢, §e@™ " 
meet a specific need. An Industrial Engineering Effec ye. 
ness Report called attention to the need for improved h- 4 
ods in anodyzing rivets. The Methods Group picked wu) this « ; 
item from the report and made it the subject.of study My pare : 
Bankard was then assigned the task of developing me. keg 
Logue 


thing by which it would be possible to separate rivets ano. 





dyzed according to specifications, without having them srteq m 
by hand, as had hitherto been necessary. His device was de. ro 
veloped and has proved highly efficient for the purpose for = 
which it was intended. It is widely applicable in its use, = 
being of value wherever anodyzed rivets are used. — 





SCIENTIFIC GLASS BLOWING 
Continued from page 881 


arm is allowed to rest against the tubing as shown in Fig. 
21. The glass is then broken by pulling back and away 
with the arms exerting a perpendicular force to the tubing. 

On a glass system where tubes are interlaced from one 
fixed object to another, one is limited to a minimum of pull- 
ing or tugging for fear of serious breakage. This fixed 
tube must be marked with the edge of the file, then wetted 


5 f; ‘ = cer 
WEE Galas hy 


q 
3 






# 











f2 





PRESSURE 
Method of breaking tubing larger than 13 mm. 


Fig. 21. 


as described before, The point of a 5 mm. glass rod is 
heated white hot and touched to the center of the scratch. 
Generally a crack begins and encircles the glass completely. 
If it starts but does not run completely around the tube, 
then lead it by. touching a hot glass rod just ahead of the 
crack in the proper direction until complete. 

Tubing of larger diameter can be cut using the application 
of heat by means of a hot wire. Here the scratch must en- 
circle the glass. A scratch made manually is often not con- 
centrie with the tube. A steel wheel with a thin sharp edge 
about 12” in diameter, mounted on a motor shaft, will make 
a perfect circle scratch when the glass tube or bulb is 
turned against-it, provided a stop is employed at the end 
of the tube to prevent shifting. 

An electrically heated hot wire system is illustrated 
in Fig. 22. A semi-loop of 26 S.W.G. nichrome wire is 
adjusted to the tubing diameter and arranged in series 
with a suitable resistance, which is encased as shown in Fig. 
22, and connected to a 110 volt source. The resistance may 
be replaced by a variable transformer. The tubing is placed 
against the wire which coincides to the scratch. The cur- 
rent is switched on and the glass is held steady for a sh 
length of time. On thin walled glass the crack will be; 
of its own accord, but on heavy walled glass it is start 
by touching a cold wet paper or cloth to the center of t 
heated portion. Once started, the crack is led by holdi 
a new portion of the uncracked circle against the red ! 
wire. NEVER LEAVE A GAP between the part to be crack * 
and the crack already started. Soft glass should be rota 
against the wire because it will crack completely arov ¢ 
almost immediately. 


eam oas a 
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TRADE-MARK 


ee ae cdi 
Se 


SOUPY WEATHER and cross winds 
for most of the passage. Yet they 
hopped 2,000 miles across the pond 
and fetched Mog Light dead on the 
nose! That’s navigating ; and preci- 
sion instruments made of VINYLITE 
plastic rigid sheets help airmen do 
it consistently. Such instruments 
keep their accuracy under a wide 
temperature range and varying at- 
mospheric conditions—they’re di- 
mensionally stable because that’s 
an outstanding quality of VINYLITE 
plastic rigid sheets. This material 
is fast becoming a first choice for 
the drafting, measuring, and com- 
puting devices used by fliers, artil- 
lerymen, and engineers on every 
front. 

But to instrument makers, VINY- 
LITE plastic rigid sheets bring far 
more than dimensional stability. 


“A PERFECT LANDFALL 


They take and hold close-register, 
multi-color printing. They’re light 
weight, yet have high tensile and 
impact strength. They’re resistant 
to alcohols, oils, most chemicals, 
oxidation, and abrasion. 

VINYLITE plastic sheets are avail- 
able in various thicknesses; either 
matte, press-polished, or calender- 
finished. There’s a choice of colors, 
too, in transparent, translucent, or 
opaque. 

Write Department 35 for litera- 
ture describing VINYLITE plastic 
rigid sheets and recommended tech- 
niques for fabrication. 


BAKELITE CORPORATION 
Unit of 
Union Carbide and Carbon Corporation 


uc 
30 East 42Np St., NEW YorK 17, N.Y. 
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A modern cutting machine is a requisite to the gla: 
A suitable cutter consists of a bonded abrasive wh. 
in diameter and 0.04” thick which rotates with a str: 
water played upon it from both sides, Fig. 23. Cuts 
angle desired can be made by a simple manipulatio: 
geared miter head located on the cutting table. True 
cuts can be made and in certain operations may save va 
time. A cut for example could be as small as 4.’ 
proper holding or clamping, tubing ends can be s 
Since glass is very brittle and tubing is usually |} 
slightly, care must be exercised to avoid a strain 
partially finished cut. The glass may be supported an 
tight by the left hand and the right hand should | 





EVERY DAY we are shipping these precision pres- 
sure gauges to be used in place of dead weight 
testers. They are accurate, dependable and easy 
to read. Delivery—2 to 6 weeks. 


RANGE FROM 0-25 Ibs. to 0-10,000 Ibs. 
8/7,” Dial. 
12” Dial... 
16” Dial... 


Fig. 22. Electrically heated hot wire system for breaking tubing 
of large diameter. (Photograph courtesy of Fisher Scientific Co.) 


dampen vibration. At the completion of the cut, slower 
cutting will eliminate the possibility of burred edges. 
Observation will show a semi-polished edge, which if sealed 
to another tube, would leave a permanent gray line. This 
can partially be removed if fire polished before sealing to- 
gether. If the end were reinforced by melting down a small 
portion of the tube and belled slightly, the cut mark would 
barely show. In the preparation of parts, long lengths of 
tubing can be cut to lengths a little longer than desired and 
these may be used in such a manner that their cut ends are 
removed in the flame. 

The wheel is powered by a % horsepower motor at 1760 





This sim 
: of voleas 
F wa ae SS ment an 
100% ‘ ‘ been uti 
WIL Za 1 ee ™) Bengine 
Ce ae Loe fhe aS ture, etc. 
FOR GAUG/NG cient act 
applicatic 
> crowding 
APPROVED BY 
UNDERWRITERS 
LABORATORIES Keystone | 
maicating 
ell us abo 


“LIQUIDS WORTH STORING ARE WORTH MEASURING” 


‘we LIQUIDOMETER cone 


36-27SKILLMAN AVE., LONG hie PRaRRAR DA Fig. 23. Modern cutting machine. (Photograph courtesy of Ame: 


can Instrument Co.) 
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TEMPERATURE MEASUREMENT 


OR 4 


CONTROL PROBLEM e 


CHECK THESE ADVANTAGES OF KEYSTONE 
NTC UNITS FOR YOUR APPLICATION 


Keystone NTC units are electrical resistors especially developed to 
have an unusually high negative temperature coefficient of resistiv- 
ity. The slopes are much greater than those observed with pure 
metals or their alloys. The result is an element with very high 
thermal sensitivity, useful on AC or DC, inherently suitable for 
remote indication, which has gained wide acceptance for tempera- 
ture measurement and control purposes. NTC units are made in 
wide range of shapes, resistance values, temperature coefficients 
and wattage ratings, of which the characteristics at the left are 
typical. The circuits below suggest basic means for translating re- 

wee ES I sistance changes into current or voltage variations. Modifications 

TEMPERATURE DEGFEES and extensions of these principles are many, especially in conjunc- 
tion with electronic apparatus. 











SH & oe SS Bs Se ee 6 ES 
TEMPERATURE TEMPERATURE TEMPERATURE DIFFERENCE 


TEMPERATURE 


This simple series circuit Basic bridge circuit Adding a second NTC Two NTC units in adja- 
of voltage source, instru- straightens and  steepens unit, and exposing both to sodi arms 1S a —— of 
ment and NTC unit has the characteristic. Zero- the temperature to be indi- ee 
“dl a temperatures, or tempera- 
been utilized to indicate center meter may be used cated, gives a double un- . : 

' ture difference or ise. 
engine coolant tempera- or balance point may be balancing effect and in- Temperature of either 
ture, etc. It provides suffi- placed near the lowest creases sensitivity under source can be obtained by 
tient accuracy for many temperature. Electronic certain conditions over substitution of standard re- 
applications despite scale balance indication pro- part of the temperature sistance for other NTC 


crowding at the bottom. vides enhanced sensitivity. range. unit. 


BXey:tone NTC resistors are also valuable for neutralizing the change in resistance with temperature of electrical 
indicating instruments and control devices, for introducing time delays and many other applications. Write and 
ell us about your problem—we'll be glad to analyze it for the applicability of NTC units. 


KEYSTONE CARBON COMPANY, INC. 


Foo oa! 6 ee eee eee 


December 1945—J/ nstruments—Page 909 








METAL-TO-GLASS SEALS 
Intricate glass work and tubes 


made to your specification 


The Universal X-Ray plant 
specializes in the production of 
metal-to-glass seals. Intricate 
glass seals are made to custom- 
ers’ specifications for electronic 
tubes, transformers, resistors, 
capacitors, condensers, vibra- 
tors, switches, relays, instru- 
ments,gauges, meters, receivers, 
transmitters, and other scien- 
tific apparatus. 

A strong metal-to-glass bond 
assures unfailing protection against rust, corrosion, and 
extreme climatic conditions in a vacuum-tight seal. 
Good deliveries can be made on volume orders. Submit 
your metal-to-glass seal problems to the Universal en- 
gineers for recommendations and estimates. 


UNIVERSAL X-RAY PRODUCTS INC. 


1800-G N. FRANCISCO AVENUE ° CHICAGO 47, ILLINOIS 
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Type 2900 
Portable Resistance 
Thermometer 


Rugged construc- 
tion, high torque 
movement, and 
long mirror scale 
provide for con- 
sistent accuracy in this Alnor portable electric thermom- 
eter. Available in any desired range with aspan of 50 deg. F. 
or more between minus 50 deg. F. and plus 400 deg. F. Also 
with two or more scales, and multi-point instruments. 


Ten types of thermo-bulbs are available for use with 
Alnor thermometers, for use indoors or out, under pres- 
sure, in moving air, in liquids, and for laboratory use. 
Other Alnor thermometers include single and multi-point 
types up to 14 points for switchboard installation. Write 
for bulletins. 


ILLINOIS TESTING LABORATORIES, INC. 


420 North La Salle Street 


| 





r.p.m. Water may be applied by a recycling pw 
the water sump or straight from a water line. T} 
runs true, being mounted with two flat rollers on 
and two pulley wheels on the other. It moves back an 
on parallel bars. The guard is a safety device whic 
vents splashing. 

Occasionally a cutting job is necessary on different 
and sizes of large soft-glass containers. Instead 
ploying a scratch and hot wire system, the conta 
placed on a turntable which can be turned just fast « 
that centrifugal force will not throw it off center. A 
Hoke torch is clamped solidly in position and as th 
table is set in motion, an oxygen and gas flame is 


‘ EXTREMELY HOT 
INNER CONE OF 
HOKE JEWEL TORCH 








Sresicipsensteartent 


Fig. 24. Arrangement for cutting very large soft glass containers 


in a set position approximately one-quarter of an inch from 
the glass. After a number of revolutions, the glass vessi 
will crack cleanly and square. This end may then be grou 
on a flat plate with carborundum and water, but do not < 
tempt to fire polish the edge. The arrangement of such 
a turntable is shown in Fig. 24. It should be pointed out 
that a procedure, as outlined here, depends upon the rapid 
heating of a narrow portion of the glass to cause fracture 
The glass blower should remember this when he is working 
on a glass assembly with a hand torch. Unintentional mov 
ment of a hot flame across tube sections may cause 
mediate or subsequent breakage because of strains set | 
in the glass. 


GLASS AND GLASS STORAGE 

A prime requisite in blowing glass is that all glas 
clean. A sufficient supply should be stored in a dust-p 
cupboard. Tubes should always be cleaned both inside 
outside before they are used. Swabs for different tube 
are easily prepared by using a piece of folded cheese 
tied to a stout cord. 

A small weight tied to the free end of the cord will a 
dropping it through the tube. The swab is then dr: 
through the tube. Cleaning solutions of sodium dichro! 
in sulphuric acid or solutions of commercial detergents 
often required and should be prepared and stored in rea 
bottles. 

In the repair of broken equipment the glass blower sh 
be sure that all surfaces are clean, especially those 
must be fused in the blast burner. 
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INSTRUMENT DESIGNER 
WANTED 


Nationally-known organization of- 
fers permanent position to qualified 
designer to head mechanical section. 
of development department in Chi- 
cago Office. 


Situation requires man experienced 
in the design of small mechanisms 
such as found in bomb or gun-sights, 
automatic cameras, recording in- 
struments, etc. 


This is an unusual opportunity to 
settle into a life-time career in situ- 
ation where ability will be recog- 
nized. Products are non-competitive 
with emphasis on performance in- 
stead of cost. Salary open. Summa- 
rize education, experience and per- 
sonal data. 


Box 106 cade 
Instruments PUBLISHING COMPANY 
1117 Wolfendale St., Pittsburgh 12, Pa. 


























A Type and 
Size for 
Each Control Job 


i, critical control TYPICAL UNITS — 
problems are being readily Fixed Lug 
and successfully solved with “ Dividohm "’ 
Ohmite Resistors. That's Wire Lead 
because the extensive range “Corrib” 
of Ohmite types and sizes Ferrule 
makes possible an almost Edison Base 
endless variety of regular Precision 
or special units to meet each Bracket 
need best. ’ Non-Inductive 

Ohmite core sizes range Tapped 
from 2%" diameter by 20” Costes 
long to 5/16” diameter by Stri 3 
1” long. Wide selection of P 
stock units are available. 

These rugged resistors have proved their worth 
under toughest operating conditions, in every field 
of action. Ohmite engineers are glad to help on 
today’s and tomorrow’s control problems. _ 


Catalog and Engineering Manual No. 40 
Write on company letterhead for this com- 
plete, helpful guide on resistors, rheostats, 
tap switches. 


OHMITE MANUFACTURING COMPANY 
4886 Flournoy Street +* Chicago 44, U. S. A. 


Be Right with OFIMITE 


RHEOSTATS ¢ RESISTORS © TAP SWITCHES 
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WEIGHTS ond 
tensions must 
be accurately 
ond quickly 
dete?mined in 
every industry and service. This 
calls for the dependable Dillon! 
Compact. Simple. Fits practi- 
éally all setups. Used by Amer- 
ica’s leaders. Nine capacities, 
500 to 20,000 Ibs. Sturdily 
built for all weothers.  Instru- 
ment less shackles weighs only 
5 lbs., 10 oz. Steel carrying 
case. Write for 20 page Cata- 
fog, and low prices. Prompt 
delivery. 


W.C. Dillon & Co., Inc. | 


5415 W. HARRISON ST., CHICAGO 44, ILL. 











Wappler Industrial Telescope 


laspection Problems in the Examination of 
Internal Surfaces May Be Solved 
by Means of the 


WAPPLER BORESCOPE 


A telescopic instrument containing & lighting cir- 
cuit and a lens system. Various angles of vision for 
different types of visual systems are available. You 
may select the type best suited for your particular 
requirements, with the assurance that the resultant 
undistorted image will be clear and concise. 

If you have an inspection problem, the Wappler 
Borescope will help solve it for you. An accurate 
description, blueprint, or better still, the part itself 
forwarded to our Industrial Division will have our 
immediate attention with recommendations for a 
suitable instrument to solve your problem. 








INDUSTRIAL D 


AMERICAN CYSTOSCOPE MAKERS, 


NEW YORK 59, N. Y 


INC. 


1241 LAFAYETTE AVENUE 
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ELECTRIC GAGING METHODS 
Continued from page 889 


size, For rapid production checking, the signal-light s; 
is much faster than the pointer-and-scale indication 
classification or selection the indication is available. 
instrument, too, has four ranges providing readings { 
ten microinches to 0.003”, as well as adjustment for 
missible limits when the signal lights are used. 

For production inspection, it is convenient to emp] 
number of these comparator gages operating simultane 


| to measure a number of dimensions on a single part. 


| 0.001”, and six have 0.01” tolerance. Each of the tweaty- 


42 is a photograph of such an arrangement of elect 
comparator gages; here twenty-one separate gaging h 
are arranged to check as many dimensions on a m: 
camshaft. In this particular application, thirteen di: 
sions have tolerances of 0.0005”, two have toleranc 


one gages actuates a lamp which signals immediately 
dimension is outside the permissible limits; a master | 
is also provided, which remains dark if all dimensions 
correct but flashes if any one is not within the limits 


| scribed. Thus the operator need watch only the ma 


lamp; when it indicates that a part is defective he refer 





Fig. 42. Multi-point Magnetic Comparator Gage. (Courtesy The 
Sheffield Corporation.) 


to the diagram panel to see which dimension is out and 


| which direction. 
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An assembly of gages such as the one just described, 


desired tolerance (not necessarily the same for all dim 
sions) greatly expedites production testing. 


| which inspects many dimensions simultaneously and to an) 


It is worth noting that of the five gages just described 


| only one incorporates an amplifying circuit; the others : 


based on the simple inductance bridge circuit, and ha 
sufficient output to operate the indicating instrument w! 
out electronic amplifiers. Electron tubes are used, hi 
ever, as relay devices to facilitate the connection of sig! 


| lights. 


Fig. 43 shows a different sort of measuring system— 
designed for measuring fluid pressures, and for recordi 
both steady pressures and fluctuations in pressure. The 
corder is not shown in the photograph, which includes 


| single power supply, four amplifiers, and a number of ga 
| heads and connecting cables. The system operates on ma 
| netic principles, as do those described above, but there a 


many differences in construction and in operation. Th: 
gages are designed to be installed at a point some dista 
away from the amplifier, and to be connected through 


_ cable; the .gage heads are therefore designed to prov 


compensation for temperature changes. Several differ: 
types of gage heads are available in this equipment; so! 
have two arms of an inductance bridge circuit in the pi: 


C 


e 


Fig. 
tive J 












Fig. 43. Magnetic Fluid-pressure Gages, with Amplifier. (Cour- 
sy Trimount Instrument Co.) 


up, while others have all four arms placed in the pick-up 
head. The fluid pressure (air, water, steam, etc.) is applied 
to a diaphragm, to which is attached the moving “arma- 
ture’ of the magnetic element. A carrier system is em- 
ployed, and the amplifiers are capable of several different 
modes of operation; they can also be made to record either 
on a cathode-ray oscilloscope or a magnetic oscillograph. 
The mechanical arrangement is designed for convenience; 
as many amplifiers as are desired can be tied together and 
handled as a unit. An indicating instrument is available for 
adjustment and inspection of each amplifier. 

This magnetic pressure-gage system is representative of 
a type; the same sort of set-up can be assembled for use 
with strain gages, accelerometers and other primary ele- 
ments. Any magnitude which can be represented as a change 
in reluctance of a magnetic circuit (through movement of 
an armature usually) can be measured and recorded by such 
a system. ’ 

In Fig. 44 is shown a single-channel carrier-type indi- 


Fig. 44. Portable Strain Indicator. (Courtesy Baldwin Locomo- 
tive Works.) 
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HEEL INDICATOR 


No. 458 


MOELLER STRAIGHT AND ANGLE FORM 
SUBMARINE THERMOMETERS 





No. 455 


THE ACME OF DEPENDABILITY 


Built upcn 4 generations of 


GUARANTEED ACCURACY 


On deck, in cabin, or engine room whether 
to indicate temperature readings, or to take 
soundings — whether to measure fathoms, 
or determine trim and heel measurements — 
Moeller Marine Instruments have set the 
standard of accuracy for dependability in 
the Marine field for almost half a century. 


Send for catalogs and literature on 


INDUSTRIAL, LABORATORY AND RECORDING THERMOMETERS 
THERMOSTATS * HYGROMETERS * HYDROMETERS * PSYCHROMETERS 
and MARINE SPECIALTIES 


MOELLER INSTRUMENT COMPANY 


A ome 0 mmuae 
r\ 
132nd STREET and € x 


89th AVENUE gi MANY > 


RICHMOND HILL 
NEW YORK 


OFFICES IN PRINCIPAL CITIES 
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Fig. 45. Static Strain Recorder. (Courtesy Baldwin Locomotive 


W orks.) 


cator for general-purpose use and for portable use in par- 
ticular. It is designed for use with wire-type resistance 
strain gages and, although it may be employed in a deflec- 
tion manner (within limits )it is essentially a null device, 
and correspondingly of high accuracy. The portable case 
contains a 1000-cycle oscillator, a resistance bridge circuit, 
an amplifier, and a phast-discriminating rectifier circuit; 
the output of the instrument is indicated on a rugged 
milliammeter. It is entirely battery-operated—really self- 
contained. The bridge circuit incorporates a number of 
refinements: adjustment of sensitivity to permit direct- 
reading operation with gages of different sensitivities, 
through a graduated shunt applied to the slide-wire; and 
availability of extremely wide range of adjustment through 
a tapped arm while retaining high sensitivity of adjust- 
ment of the slide-wire are most useful. The device con- 
tains only two of the bridge arms; the other two are to be 
connected externally so that temperature compensation may 
be accomplished. (Fig. 44 does not show these external 
connections. ) 

This instrument does not have any provision for record- 
ing; it requires the attention of an operator. Another some- 
what similar instrument, shown in Fig. 45, is available to 
fill this need: it records the output of a resistance gage 
bridge circuit on round charts and there is available for it 
a scanning switch so that the instrument can record in 
rapid succession the strain magnitudes from as many as 48 
separate gages. The record is inked on a round chart and 
is not a dynamic record but a static record of gage output. 


Fig. 46. Complete 12-Channel Electric 
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Gaging 


For this, a deflection method is used, and the accur is 
not quite so high as that of the previous instrumen: om 
high enough for most engineering measurements, ; 
In Fig. 46 is displayed a versatile system for dy: 
measurements of many kinds; this set of instrume: 
capable of the highest order of work. The entire ass 
is illustrated with the exception of the primary eler 
themselves. The power supplies (left) and the amp! 
(center) have been previously described (see Fig. 28 
Fig. 35, and their accompanying descriptions). The 
netic oscillograph at the right is a complete twelve-ele 
unit, incorporating virtually all the operating conveni 
which are possible in such an instrument. The com 
system is operable with either resistance-type or mag: 
type primary elements, and can measure and record 
sures, movements, strains and accelerations, as well as « 
magnitudes if suitable primary elements are provided 
tegration and differentiation, as previously described 
available. Such an assembly of instruments is capabl 
handling almost any problem. But, in order to attain this 


Fig. 47. Welding Current-Force Recorder. (Courtesy General 


Electric Company.) 


type of operation, the equipment has become bulky, heavy, 
and rather costly; furthermore, it is not so easily operated 
as to be used except by trained personnel. This sort of 
apparatus is designed primarily for research applications; 
not for production testing. 

Another manufacturer of this kind of measuring equip- 
ment has produced a convenient assembly of amplifier, 
power supply and recording oscillograph; it is illustrated 
in Fig. 47. This is an interesting and versatile system for {| 
measuring both electrical and mechanical magnitudes, and | 


System. (Courtesy Hathaway Instrument Co.) 











: Vhere Accuracy Counts... 


SPECIFY 


<6 US mar orn 


Thermostatic Temperature 
Controls 


Use ASICO Thermostats 
and Relays for maintain- Many manufacturers now 
ing temperatures to an use a uniform size and shape of thermostatic 
accuracy within a fraction bimetal element in building a “line” of circuit 
of a degree. breakers covering a range of circuit ratings. 
This is made possible by selecting a type of 

Urite for bimetal based on its electrical resistivity. The 
BULLETIN 51 following types cover a wide range of electrical 


ACCURACY SCIENTIFIC INSTRUMENT CO. 


2903 N. 12th STREET Electrical Resistivity Recommended Type of 


PHILADELPHIA 33, PA. ohms per cir. mil ft. Thermostatic Bimetal 


- 6125 
.- 6150 
- 6200 
- 6300 
Chace No. 6400 
Chace No. 2400 
Chace No. 6650 
Chace No. 6850 











resistivity values: 











Chace makes 35 types of thermostatic bimetal, 
each offering specific advantages. Our en- 
gineering department will gladly assist you in 
selecting the type bimetal best suited to your 
requirements. Sold in sheets, strips, shapes, 
and sub-assemblies to specifications. 


we ACGEco 


Thermostatic Bimetals and sol Alloys 
1609 BEARD AVE + DETROIT 9, MICH. 
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Cylindrical, Tapered or Square Shaped 


F. S. Precision-Bore Glass Tubes are made to exact 
inside dimensions for application where _inter- 
changeability and precise bore are required. 


Inside diameter: 0.216mm (0.0085”) to 100mm 
(4”) kept accurate within .01 to .001mm (+.0004” to 
00004”). For: Manometers, Barometers, Viscosim- 
eters, Flowmeters, Gauges, Pumps and many other 
scientific, technical and industrial purposes. 


Ask for Bulletin PB-298 
Made of Pyrex or Kimble NC. glass 


FISH-SCHURMAN CORPORATION 
230 East 45th Street, New York 17, N. Y. 





| for recording them against a time scale. It includes a sys- 
| tem for measuring force (in terms of strain in a weigh- 


ih @ . 
=] ELECTRO PRESSUREGRAPH 


MOO. 3700 
SER. #5 





ELECTRO PRODUCTS LABS, 
CHICAGO 



















Fig. 48. Capacitance-type Fluid-pressure Gaging System. (Cou) 
tesy Electro Products Laboratories.) 






bar) and a calibrated shunt for measuring large currents; 
a small six-element magnetic oscillograph is provided for 


| recording the data. The system was designed primarily for 
| current and force measurements on spot-welding machines; 








RECISION WIRE WOUND 


RESISTORS 


Long favored where requirements call for 
durable units of high accuracy, IRC Pre- 
cision Wire Wound Resistors are manu- 













factured to a Standard tolerance of + 1%. Special tolerances | 


of as low as 1/10 of 1% are available on special order. 
Impregnation atmespheric conditions, negli- 
gible noise level and low-inductance windings are 


against 





other quality characteristics that wo ron tite, 
make these resistors “Preferred < %. 
for Performance”. = - 
4 te 
% s 


For technical data write Dept. 16-L 


INTERNATIONAL RESISTANCE CO. 


401 N. BROAD ST., PHILADELPHIA 8, PA 


In Canada: International Resistance Co., Ltd., 11 King St., W., Toronto 


IRC 


more appli 


makes ore shopes, for 


stions. then any ' r man turer in the w 
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| previously in order to detect the high-frequency detonati:” 


the shunt and the weighbar are built into a special elec- 
trode assembly which may be installed in almost any weld- 
er. Relay operations, sequences, etc., may be indicated with 
the remaining galvanometers. 

Although this assembly of instruments was specifically 
designed for welding studies, it should be noted that the 
same (or other corresponding) units can also be employed 
for other work. The oscillograph (upper right-hand con- 
partment in the case illustrated) can be employed either 
with or without the other units here shown. (This oscillo- 
graph was described previously; see Fig. 18 and accon- 
panying description.) The carrier-type amplifier (lower 
left compartment) can operate from wire-type resistance 
gages, from electromagnetic gages, or from magnetostric- 
tive gages— all commercially available. The 5000-cycle car- 
rier current supply and the amplifier power supply (upper 
left and lower right compartments) can operate as many as 
six of these amplifiers simultaneously, so that to extend the 
system to more measuring channels it is only necessary to 
provide more amplifiers. 

To the writer’s knowledge, there is only one commercia!!y- | 
available variable-capacitance pressure gage which inc r-} 
porates all four arms of a bridge circuit in the pick-up | 
head, and is therefore capable of operating without inter- 
ference from long cables. This instrument (pick-up head 
and separate amplifier) is shown in Fig. 48. It employs 4 
carrier frequency of 100,000 cycles per second, and can 
therefore operate up to frequencies of 20,000 cycles | 
second if the auxiliary circuits can respond to that f 
quency; at the same time it responds to steady pressur:s. 
With such an instrument detonation studies are possib!:; 









waves it was necessary to employ a device not suitable f°" 
static measurements. The instrument pictured indicates : 5 
output on a cathode-ray oscilloscope; this trace may 
photographed if required. No available magnetic oscil 
graph can record to the upper limit of frequency respo! 
of this instrument. 

The devices described thus far in this chapter have be 
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tially measuring devices for research, development, or 
production checking—with the exception of the 21- 
m comparator gage of Fig. 42. But electric gaging de- 

are extremely effective for routine inspection and 
‘ing of mechanical parts in the production line. An 
iple of this appears as Fig. 49; this is an automatic 
m-ring inspector which employs a magnetic gaging de- 
to check the width of the gap, and a photoelectric scan- 
system to inspect the periphery of the ring for true- 
. Each ring is’ separately inspected; those that fall 
in tolerance limits (for gap width, 0.035”; for true- 
of pheriphery, 0.0001”) are passed through, while the 
‘ts are diverted into groups classified as to type of de- 
. The rate of operation is about 1500 pieces per hour. 
nother gaging device of this sort is shown as Fig. 50. 
; also is a production-type gaging machine; this par- 


tic: lar one being developed for inspection of shell fuze 


s. Reliable and uniform operation of fuzes during fir- 


ing required that inspection be unusually close; it was 
nec-ssary to rotate one portion of the specimen at,,high 
speed while a measurement of dimension was made; then 


piece was stopped so that other measurements could be 
de and the fuze passed on out of the machine. Measure- 


ctrical means; even by the photoelectric method employed 


here such gaging is an accomplishment of note. 


Fig. 51 illustrates an instrument designed for meteoro- 


logical rather than engineering application, but employing 


interesting principle which may be applied to smaller- 
ile measurements. It is called the Ceilometer System, and 
function is the measurement (and recording) of cloud 


heights. The system includes three units: a sender, a receiv- 


and a recorder, the sender and the receiver usually be- 
r separated by 1000 feet. The receiver and the recorder 
» coupled together through a Selsyn motor system. The 
iding unit projects a modulated beam of light into the 


sky, and the receiving unit contains a photoelectric system 
for detecting the reflected light from the clouds. A discrimi- 
nator panel filters out signais from the constant background 





Fig. 49. Automatic Piston-Ring Inspection Machine. (Courtesy 
The Sheffield Corporation.) 


nts such as these can hardly be made at all except by | 








































Tiny but essential are screws and other 


threaded members of modern industrial 
assemblies. Thousands of sizes and types 
of screw machine products are on the mar- 
ket for ready sale. Yet today sees some 
new design of instrument or machine in 
which mechanical function must derive 
from a screw machine product heretofore 


never known. 


At this point Waltham Screw Company, 
its designers, its engineers and its precision 
machines come forward with the ability to 
produce the vital unit, to engineer it to ex- 
act specifications in whatever volume re- 


quired. 


e wasp, whose hexagonal cell-measure- 
P never varies, is Waltham Screw Com- 
pany’s hall-mark. It denotes utter preci- 
sion. 


Telephone Today Collect 
Waltham 5830 


LIHAM SCREW 


Com FA NY 
71 Rumford Ave. 
Waltham, Mass 
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light and allows only signals from the modulated light to 
be fed into a tuned amplifying system. The Selsyn motor 
coupling is used to indicate the angle of signal on the re- 
corder. Thus by triangulation, using the 1000-foot base line, 
actual cloud heights can be determined from the indicating 
instrument.* The actual instrument is pictured in Fig. 514A; 
Fig. 51B is a block diagram of its essential elements. 

Fig. 52 illustrates a measuring system somewhat different 
from any previously described, in that it can measure both 
magnitude and character, indicating this intelligence on 


*It is interesting to compare this device to the newly-announced 
Western Electric gunfire computer, in which the operators direct 
range-finders at enemy aircraft, while the intelligence from sev- 
eral of these instruments is combined in an electrical computer. 
There, however, the measurements are optical and the computa- 
tion electrical; in the Ceilometer both measurement and computa- 
tion are electrical. 





Fig. 50. Automatic Inspector for Ordnance Fuzes. (Courtesy 


The Electric Eye Equipment Co.) 


Sot RE 
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Fig. 52. Vibration Meter and Analyzer. (Courtesy General 
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Fig. 51. Photoelectric Cloud-height Recorder. (Courtesy General 
Electric Company.) 


pointer-type indicating instruments. It may be described 


therefore as a measuring and analyzing system—a system 


which first measures magnitudes, then performs certain 
computations, selections or analyses, and indicates the re- 
sults obtained. It is possible also to record the output of 
the instruments. 

The left-hand instrument in the photograph is a vibra- 
tion meter, it employs a piezoelectric pick-up, inertia- 
coupled to the specimen, and therefore sensitive to accelera- 
tion. The output of this primary element is amplified by an 
electron-tube amplifier and then measured by a vacuum- 
tube voltmeter. Calibrating facilities are provided for 
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So many little things can upset an estimate 
and cause a loss instead of a profit! 

There’s no room for guesswork or make- | 
shift methods when counting R.P.M. or 
. and when it comes to machine 
production you should also know the exact 


count if you are to know your costs 


“A Corbin Tachometer will give you this 
information, dependably and continuously, 


for an investment that is relatively low. 





Call on us for prompt, complete information 
on Tachometers, They can be engineered 
to meet your special requirements. 
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in Special, Low Contact Resistance Designs 









Shallcross Switches are a natural out- 
growth of our own need for finely made, 
specially designed, low contact resistance 
units for a wide variety of exacting instru- 
ment and other applications. Solid silver 
contacts and contact arms assure highest 
conductivity, avoid danger from wear, and 
guard against corrosion. Up to 180 contacts 
can be supplied on a single switch. Single 
or multiple sections as required. Although 
many standard types are available, most 
switches supplied by us are special adapta- 
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DUO-SEAL VACUUM PUMP, Motor Driven. Vacuum 


05 micron—free air capacity of 33.4 liters per 
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With larger motor giving 57 liters free air capacity 
per minute and vacuum of 0.1 micron........$155.00 


Order Now for Prompt Shipment 


W. M. Welch Scientific 





WELCH VACUUM PUMPS ARE ENGINEERED 







Company 


1515 Sedgwick Street, Dept.B Established 1880 Chicago 10, Illinois, U.S.A. 
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telescope PE 


Precise tolerances control ever. 
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Pumps. 


GUARANTEED VACUUM 
.05 Micron (.00005 mm Hg.) 


FREE AIR CAPACITY 
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OPTIMUM OPERATING SPEED 
300 Revolutions Per Minute 


OIL REQUIRED 
650 ml. Duo-Seal Oil 


Write for FREE 32-page booklet on Welch 
Duo-Seal Pumps and Vacuum Techniques. 











checking and adjusting the amplifier and the indicating in- 
strument. Two integrating circuits are incorporated into the 
system, so that the output of the acceleration-sensitive pri- 
mary element may be integrated once to provide velocity 
values, or twice to provide displacement values. The indi- 
cating instrument is graduated directly, and the device is 
direct-reading in terms of acceleration, velocity, or displace- 
ment. The vibration meter alone, however, does not give any 
indication of the frequency of the vibration, although its 
range extends from 2 cycles to more than 1000 cycles per 
second. 

For many applications, the frequency of the vibrations is 
quite as good a criterion as their amplitude and, so that 
they may be determined, an analyzer is provided—the right- 
hand instrument in the photograph. It is essentially a 
tuned amplifier fitted with an output meter; the tuning is 
variable, so that a wide range of frequencies can be ex- 
plored. (The instrument illustrated covers from 2.5 to 750 
cycles per second.) At any setting, the instrument responds 
to an extremely narrow band of frequencies; the width of 
this band is a constant percentage of the frequency to which 
the intrument is adjusted. The tuning is continuously ad- 
justable by a dial and a series of range-changing switches. 

These two instruments are not expected to provide so 
complete a picture as can be obtained by more elaborate 
equipment. They do, however, provide a quick analysis of 
the vibrational phenomena at any point, and to a degree of 
accuracy sufficient for many applications. It is possible to 
extend the use of these instruments by adding a recording 
device which provides a record of the percentage of every 
frequency represented within the range of the instrument. 


There are many other systems available—far more than 
could be described in many pages—but the ones which have 
been listed here are fairly representative of the field, It 
has not been possible to list all the makers, but an effort has 
been made to list as many as possible; likewise, as many 
types of instruments as possible have been included. Even 
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those which have been described have not been treated fully, 
nor have their full capabilities been more than hinted at. 
But every day brings new instruments, some of which will 
be better than these and will replace them, while others 
will tap new fields. Those described, however, are not 
ephemeral; the principles they employ will also be used in 
the newer and better instruments which will be available in 
the future. 


CONCLUSION 


This is the concluding installment of this series. Its pub- 
lication has occupied almost two years, and during this time 
many new instruments have undoubtedly been developed 
Some, in fact, have already been announced since the re- 
laxation of wartime restrictions. 

The equipment described in Part II of this book will be- 
come obsolete; it will be replaced (we hope) with better. 
But the principles set out in Part I will not; the new in- 
struments will employ them just as our present ones do. 
Their employment will be more effective, and the instru- 
ments produced more efficient, as we learn more about thei! 
true meaning and expression. The permanent value of this 
book lies in the descriptions—and discussions—of these 
principles. 

The author wishes at this time to express his gratituc: 
to the many readers who have offered comments and sus 
gestions, and to state again his hope that these pages hay 
been (and will be) both useful and interesting. There a: 
omissions, certainly; there are ambiguities and (inevitably 
errors, but it is hoped that these will be overshadowed | 
such good points as this book possesses. 





Preliminary Announcement.—As intimated in Mr. Ro! 
erts’ conclusion, his serial is to be brought out in book forn 
Work has already begun; a definite announcement will 
made on publication date in early 1946. 
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W iEATSTONE BRIDGE 


Now... compact 
audio signal source for 
laboratory and production 

test applications 








A hbigh grade instrument for measuring re- 
sistances from a fraction of an ohm to 10 
megohms. Contains a 4-dial rheostat, ratio 
dial, galvanometer and battery, all enclosed 
in 2 substantial walnut case. Nine coils per 
dial. Accuracy .1%. Built to endure. 


Cat. No. 1052—Portable Wheatstone Br 
without Murray and Varley Loops.$90.00 


Cat. No. 1050—Portable Wheatstone Bridge 
with Murray and Varley Loops. . .$110.00 


Send for Bulletin No. 100 
RUBICON COMPANY 
Electrical Instrument Makers 
Ridge Ave. at 35th St. Philadelphia 32, Pa. 











|__DEFENDER FITTS TYPE _| 
ADJUSTABLE 








CHRONOMETER VALVE. 


The longest lived Valve made for 
hot water or steam or any other 
chemical or fluids or oils that 
would soon wear out any of the 
piston or balanced type valves. 
This is a proportioning type Double 
Valve, easy, and quick to adjust for any 


capacity, each of the two valves separate | 


from the other. 


It can be hand-operated or motor-oper- | 


ated as illustrated. We have a complete 


line of low, medium and high pressure | 


stats and also temperature, float, liquid 
level and feed water regulator stats 
shown in our new Bulletins No. E-3 and 
E-4. Write for same. 


\ mew 32-page Pocket Catalog No. 16 which 
has 166 illustrations is now ready for distribu- 
tion, Write for it also. 


Defender Instrument & Regulator Co. | 


ST. LOUIS, MO. 
om 
























































The Type MR-1000 is a compact source of audio fre- 
quency power producing up to 35 MW of signal energy 
at Output impedances of 500 or 5000 ohms. 


The distortion at maximum output is less than 2% over 
all. 


The built-in attenuator features an arbitrary scale of 1 
to 10 units. 


The Type MR-1000 operates from a standard source of 
110 volts, 60 cycles. 


The case, panel and subchassis are 1/4” aluminum. A re- 
movable ventilator panel at the top permits easy tube re- 
placement. 


Using a new type of oscillating amplifier circuit, this 
unit maintains an output frequency of 1000 cycles at 
plus or minus 1 cps over 24 hours and will operate con- 
tinuously for 720 hours with a variation of less than 
4 cps. 


OPERATION :—The MR-1000 serves to replace tuning forks 
and offers a source of audio test energy for bridges, etc., and 
can be substituted in existing test positions without wiring 
changes. The MR-1000 can be furnished at frequencies other 
than 1000 cps at slight additional cost. 


SIZE :—61/4,” deep x 534,” high x 91/4” long. 
WEIGHT :—131/ Ibs. 
PRICE :—$149.00 f.o.b. Chicago. . . . Guaranteed 2 years. 


TELEVISO PRODUCTS CO. 


71466 IRVING PARK ROAD CHICAGO 34, ILLINOIS 


December 1945—Instruments—Page 921 

















The Month’s NE 





W INSTRUMENT$ 


In this department we report each month new devices for measurement, in- 
spection, testing, metering and automatic control—in the form of concise tech- 


nical descriptions. When writing to manufacturers directly, please mention this 
department. Or write to Information Section, Instruments Publishing Company. 





Electric Tachometers 


New “Metron Tachometers” are an- 


nounced in portable or fixed-installation 
models, also in either battery-operated 
models. 


or a-c.-operated Illustration 





shows “Metron Type 25A Hand Tacho- 
meter.” All models utilize a new elec- 
trical method whereby no generator 
(such as the conventional magneto) 
need be driven, thereby reducing weight 
of head and servicing of brushes, etc. 
Head consists merely of a rotating 
shaft which operates a set of contacts 
through a positive cam mechanism de- 
signed to open and close contacts pe- 
riodically without resort to spring re- 
turn. Motion produced is only approx. 
1/16” and mechanism is self-lubricat- 
ing. Head is light and small, so that 
it can be used where little space is 
available. This also makes it convenient 
for permanent installations. In portable 
models a two-foot cable is provided be- 
tween head and indicating unit. Cable 
can be almost any desired length and 
in fixed installations may reach a length 
of several hundred feet. Indicating unit 
may be operated either from batteries 
or from a 115-volt a-c. power source; 
operation of either type is the same. 
Unit consists of a reactance circuit in 
conjunction with a metering circuit so 
arranged that, when reactance circuit 
is energized periodically by power 
source through contacts in head, de- 
flection of indicating instrument is di- 
rectly proportional to speed of tacho- 
meter shaft. Normal wear of parts in 
head has no effect upon calibration. 
It is said that considerable pains have 
been taken in the a-c.-operated types 
to insure that variations in the 115- 
volt supply will not affect accuracy. 
This has been done by incorporating a 
voltage stabilizing circuit so that little 
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effect on accuracy is encountered when 
supply varies from 105 to 125 volts. 
In the battery-operated types one 1” 
flashlight cell is used and provision is 
made for checking condition of this 
battery and compensating for reduced 
voltage. This is done by placing rotary 
switch (on front of unit) in the “TEST 
B” position and adjusting a small rheo- 
stat. Less than one milliampere is 
drawn from this battery, so its life is 
practically equal to shelf life. When 
tachometer is permanently installed in 
aircraft or motorized equipment sys- 
tems, batteries are used and variation 
in voltage is automatically compen- 
sated. Ranges and scales: Standard 
models are three-range and range can 
easily be selected with thumb while 
reading is being taken; 60-cycle syn- 
chronous speeds are well up on scales; 
special ranges can be furnished; heads 
operate on either clockwise or counter- 
clockwise rotating shafts and are not 
affected by magnetic fields. — Metron 
Instrument Co., 482 Lincoln St., Denver 
9, Colo. 





Area Meters for Large Flows 


New “Rota-Sleeve” is a flowmeter of 
the variable-area class available in 
either of three types: (1) free-float or 
“rotameter”; (2) cone-and-disk; (3) 





Fig. |. Fig. 2. 


cylinder-and-piston. A unique basic-de- 
sign feature is that the essential ele- 
ment, in the form of a sleeve, fits in 
standard pipe tees of any material or 
of any make, from the 3” pipe size up 
to 20” pipe size (up to 72” in future 
models being scheduled). Not only is 
sleeve insert available in tapered, slot- 
ted or fluted forms—geometry deter- 
mining type and hence some character- 
istics—but there is a choice of shapes 
of pistons or floats, including maker’s 
“Stabl-Vis” float which compensates 
for variations in viscosity of metered 
fluid, so that manufacturer can guaran- 
tee straight-line calibration (important 
in many applications) as well as wide 


ranges (10:1 standard, 20:1 practica- 
ble) and accuracy comparable to that 
of more expensive flowmeters. “TIota- 
Sleeves” are available for the highest 
line pressures which the pipe line itself 
can withstand: sight-glass models (Fig. 
1) having safety features and record- 
ing or  recording-controlling models 
(Fig. 2) having magnetic couplings in- 


stead of stuffing-boxes. “Rotasleeves” 


may be made of corrosion-resistant ag | 


well as of commonly-used metals and 
alloys.—Fischer & Porter Co., 92307P, 
County Line Road, Hatboro, Penna. 





Titrometer 
New titrometer determines free and 
combined acidity of material in either 
aqueous or non-aqueous highly colored 
or opaque solutions; was originated by 
Shell Development Labs primarily for 


determining acidity of highly complex | 


mixtures of lubricating oils, either 
opaque or so dark in color that routine 


acidimetric color titrations could not be § 


made. Potentiometer method is repro- 
ducible, and titration medium is capable 
of dispersing or dissolving sufficient 
quantities of the water-insoluble ma- 
terials under test. Instrument has two 
complete titration stands. 
glass electrode is readable to within 
0.02 pH units. Instrument scales and 


potentiometer circuits give a range of | 
+1.65 volts readable to 0.5; 
Instrument is continuously | 
indicating. No prior knowledge of the | 
magnitude or sign of the potential is} 
necessary, as electrical characteristics | 
of circuit and indicator allow measure- | 
ment of system’s potential without dan- | 
ger of polarizing electrode system. | 
Two titrations can proceed simultan- J 
eously owing to dual feature of sys-/ 
and the two diverse electrode J 
systems may be left permanently set} 
up. Titrometer is portable, has a power jj 


—1.65 to 
millivolts. 


tem; 


consumption of ten watts, and is suit- 
able for continuous duty. Entire elec 
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c system is shielded and enclosed 
netal housing. No batteries or 


sformers are required. New titro- | 
r has been found suitable for con- | 
ing A.S.T.M. Proposed Method of | 

for Saponification Number of | 
oleum Products by Electronic | 


ation and also for A.S.T.M. Tenta- 
Method D-664, “Neutralization 


iber of Petroleum Products. by 
‘trometric Titration.” — Precision | 
ntifie Co., 175@ North Springfield | 


, Chicago 47, Illinois. 


Geiger Counter Tube 


lew “Types TA-Bl and TA-B2” | 
ver Counter Tube, meeting require- | 
sents of many radioactivity detection | 


chemistry, geology, metallurgy, physics 


and medicine, is constructed of pyrex 
glass, with metal-to-glass seals. Sensi- 
tive portion measures 84% cm, by 19 
mm. diameter. Inner surface as coated 
with a silver mirror film, serving as 
one of the electrodes. Combined thick- 
ness of glass wall and silver film is ap- 
prox. 0.006”. While especially designed 
for the detection of beta particles of 0.7 
Mev. or higher energy, gamma, cosmic 
and x-rays can also be detected. Tetra- 
methyllead vapor filling assures wide, 
flat plateaus, good sensitivity and long 
life. Counting rate above 14 kv. is 
nearly 13000 per minute. Counter is 
self-extinguishing. Clean, sharp pulses 
are obtained with a simple single-stage 
amplifier. Developed at Columbia Uni- 
versity, experimental models of this 
type have been used successfully. These 
counters are now available, filled, test- 
ed and ready for use.—Technical Asso- 
ciates, 3730 San Fernando Road, Glen- 
dale 4, California. 


Industrial Thermometers 


New industrial mercury-in-glass 
thermometers, said to be the result of 


“generations of practical experience in | 


the engineering and development of 
temperature indicating instruments,” 
are of a new design embodying a num- 
ber of improvements, among which are 
eases made of satin-finish brass con- 
structed to permit wider angle of vi- 
sion; scales made of silver-plated brass 
with bold black graduations; red glass 
reading column which eliminates possi- 


bility of eye strain and assures ac- | 
curate reading; double-thick glass se- | 


cured by a four-piece interlocking bezel 


under spring tension; triple-distilled | 


mercury for thermometers from —40° 
to 1125°F. Separable sockets are avail- 
able in all types of metals and alloys, 


and in a wide range of sizes for in- | 
dividual applications. Rigid construc- | 


tion and proper insulation protects 


glass tubes from breakage and from | 


contact with cases. Taper bulb cham- 
bers are precision ground and held to 


. tolerance of +0.001” for contact with | 


inner wall of separable socket for 
epeediest response to temperature 


| 
| 
| 
I 


FOR 


LOUD SPEAKERS 


From 2 oz. to over 30 Ibs... . and from start 
to finish .. . Arnold manufactures better Alnico 
permanent magnets for loud speakers. They 
role Murehvameh Zelitele)(-Mmcclm@ell Mabdlilolimmel*)*lilaelieury 
and include the proposed Radio Manufac- 
turers Association standard speaker magnets 
in Alnico V. 


- The speaker magnets illustrated above are rep- 
resentative, yet are just one type of permanent 
magnets described in the new 24-page Arnold 


bulletin, ‘Permanent Magnets for Industry.” 


WRITE TODAY on your company letterhead 
FOR THIS NEW BULLETIN 


,) 


THE ARNOLD ENGINEERING (OMPANY 





147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 


Specialists in the manufacture of 
ALNICO PERMANENT MAGNETS 
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"Tru Tolerance RESISTORS 


are Tops with Manufacturers of 
instruments, Radio, Electronic Equipment 
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= ic Ceramic Forms: 
insulating value, low expansion 
coefficient, high mechanical strength. 


Grade Alloy Wire: 
— enameled to meet most rigid 


Extra Terminal Protection: 

—_ type winding leads and lug embedded 
molded into one unit. Lead wire type. 

securely anchored in grooves with winding 

wire protected so as to prevent possible 

breaking in handling. 


GET THE MEPCO RESISTOR 
GUIDE. IT’S FREE! Shows all 
standard sizes and gives com 
data as to electrical and mechanical 
characteristics, 





Madison Electrical Products Corp. 
Madison New Jersey 


POPUP EPC C CCCP OSES CCCP) 
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True Tolerance Precision Resistors: 
Standard tolerance 1%. Special tolerances 
down to 0.10% on special orders. 


Severe Breakdown Test 

for every unit. Rejections minimized by 
special winding technique which prevents 
chafing of wire. 

Careful Calibration 

and precision winding keep all units well 
within specified tolerances. 

Send us your requirements on special 
resistors for quotation. 











| setting Comparator. 
| value may be converted to units cur- 
| rently used to express surface finish 
| smoothness. Work-holding carriage has 
|a 7” travel and a 6” cylindrical capac- 








|}changes. Mercury oxidation in b. 
prevented by inert-gas filling | ‘te, 
evacuation.—Engineering Dep’t., el. 
ler Instrument Co., 132nd St., and 94) 
Ave., Richmond Hill 18, N. Y. 





Surface Smoothness Indicat: 


New “Quick Scanning Surface 
parator,” for inspecting the sm 
ness of finished surfaces, consists 
photoelectric scanning head, a sel! 








tained amplifier with calibrating con- 
trols, a “finish meter” with adjustab| 
tolerance markers, and a ball-bearing 
work-holding carriage. Critical adjust- 


| ment of scanning head is unnecessary. 


Its response is independent of direction 
of finish grain. Amplifier is contained 
in the base and its zero setting, cali- 
brating and sensitivity controls ar 
mounted on front panels of base. “Fin- 


| ish meter” is graduated so that read- 


ings represent smoothness of part be- 
ing inspected as a percentage of the 
smoothness of the standard used for 
If desired, this 


ity. Flat parts are placed on its table 
and cylinders are held between centers 


| or placed on vees with Norbide in- 
| serts. Instrument is as rapidly operat- 


ed as are conventional comparators 


| used to inspect size; and requires no 
imore skill—The Comptor Co., 


Wal- 
tham, Mass. 





Glassworking Lathes and 
Burner Assemblies 


New improved models of bench- and 
floor-mounted glassworking lathes are 
announced; also numerous styles of 
burners, burner assemblies and attach- 
ments. Bench models (one shown 
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Fig. 2 

fo-eground of Fig. 1) have three-point 
support to insure that warping of 
bench surface does not impair accur- 
acy of alignment. Total accumulated 
error for full extended length is under 
0.002” including sum of parallel and 
coaxial error for both headstock and 
footstock. Ground-finish boxways are 
integral with normalized cast-iron bed 
and are completely covered by an apron 
which acts as a heat shield, preventing 
thermal misalignment and_ keeping 
broken glass, etc., from falling on slid- 
ing parts. Burners operate on oxygen- 
hydrogen or oxygen-gas; pressures can 
be as low as 10 to 15 lbs./in.? for oxy- 
gen and 1 Jb./in.? or less for hydrogen 
or gas. Nearly-complete carburetion 
within burners eliminates intense light 
and makes reducing portion of flame 
much shorter than that of average 
burner, so that glass may be worked 
much closer to burner tip: %” to 1%” 
distance except for the largest work. 
Assemblies (Fig. 2) are available in 
standard and large size, from two-fire 
to twelve-fire. Various parts are al- 
ways available——Litton Engineering 
Laboratory, Redwood City, Calif. 










Oil Vapor Vacuum Pump 


New “Model T” vacuum pump 11%” 
high, 3%” maximum overall width, is 
water-cooled and weighs 12% lbs. It 
requires 2 oz. oil and has ultimate 


vacuum of 2X 10-7 mm. mercury at | 
25°C. Standard equipment: two boiler | 
heaters, charcoal baffle heater, hand- 

operated valve control and stud-mount- | 
ings. Speed bushing is %—6” to %e»” 
©.D. tabulations (other ranges avail- 
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MRSS WSOODCMA 


Burlington Panel Instruments are designed and built to give 
dependable service with guaranteed accuracy. They are 
available in a complete line of AC or DC Ammeters, Volt- 
meters, Milliammeters, and Microammeters. The wide selection 
of sizes and case styles offer instruments that are ideal for 
your particular application. 

Write today for full details — our engineers will recom- 
mend the precision Burlington Instruments required to solve 
your instrument problems. 


BURLINGTON INSTRUMENT CO. 


205 Fourth 























PANEL INSTRUMENTS ¢ VOLTAGE REG 
ULATORS @ AUTOMATIC SYNCHRO- 
NIZERS ¢ FREQUENCY REGULATOR 
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WIRE SO FINE 
IT MUST BE 


10 BE SEEN 


WOLLASTON PROCESS 
Wire as small as 


OF AN INCH 


1 
100,000 IN DIAMETER 


. - « available in Platinum 
and some other Metals 


00001” is less than 1/30 the 
diameter of the smallest wire 
die commercially available. 
Yet our Wollaston Process 
wire (drawn in a silver jacket) 
closely meets your specifica- 
tions for diameter, resistance 


and other characteristics. 

_ 
This organization specializes 
in wire and ribbon of smaller 
than commercial sizes and 


closer than commercial toler- 
Write for List of Products. 


ances. 







SIGMUND COHN & CO. 












44 GOLD STREET NEW YORK 7 








able). Forepump outlet is %” copper 
tubing; roughing pump outlet is %” 
copper tubing. Pump is constructed of 
copper cylinders with tinned steel 
flange plates.—Litton Engineering Lab- 
oratories, Redwood City, Calif. 





Dew-point Recorder 


New dew-point recorder, permitting 
exceptionally close control of effects of 
water vapor in air or other gaseous 
mixtures, is especially applicable to 





furnaces utilizing prepared gas atmos- 
pheres, or wherever dehydrated air or 
a gas mixture of controlled moisture 
content is desirable, as in chemical and 
food processing industries, drug prep- 
aration, etc. New recorder can provide 


| a virtually continuous record of hu- 


midity within a temperature range of 
—70°F. to +60°F. Precise and fre- 
quent adjustments of the various con- 
stituent gases in the atmosphere can 


| thus be made to compensate for differ- 


ences in humidity. Or if humidity con- 
trol of the air or gaseous atmosphere is 
used, permanent information concern- 
ing its dew-point is provided. Instru- 
ment utilizes dew-point cup principle; 
its operation is therefore independent of 
nature of gases. Presence of “impur- 
ities” in furnace gases (such as HeS 
or SOe) has no effect upon accuracy; 
hence analysis of furnace atmosphere is 


| unnecessary. Principal units of recorder 
| are a dew-point cup with mirrored sur- 
| face which can be refrigerated at vary- 


ing temperatures, a thermocouple which 
is connected to a recording potentio- 
meter, and the refrigerating unit with 
its associated circulating system. In 
operation a stream of the furnace gas 
after filtering is directed against mir- 


' rored surface of dew-point cup while 
| refrigerant circulates within cup. As 





. flection of a light beam to a photocell 


temperature of the refrigerant drops 
—and with it mirror temperature—a 
film forms on mirror surface when dew- 
point temperature of gas is reached. 
As soon as film forms, it prevents re- 





and alters cell output current. [hi: 
change causes flow of refrigerant ‘> }. 
shut off and, at the same time, ca ise; 
an instantaneous point record of ‘hat 
temperature to be made on recorder 
chart. This operation is automatically 
repeated at three-minute interval. 
that series of instantaneous record ings 
forms a virtually “continuous line’ 
the 24-hour chart period. Refriger: ing 
unit, of the small household type, js 
mounted in base of housing. Above jt 
are refrigerated dew-point cup, light 
cell, etc., as well as an electron-tube 
amplifier for the thermocouple. Sengj- 
tivity of new recorder can be adjusted 
by controls mounted through front 
panel.—Surface Combustion Corp., To- 
ledo 1, Ohio. 





Automatic Piston-ring Inspector 


New “Automatic Piston Ring Ip. 
spector” is said to be the first gaging 
machine ever developed for the full 
automatic checking of piston rings, 





Fig. t. 


With it, 100% inspection of the gap 
and periphery is not only made pos- 
sible but is said to be much more ac- 
curate and less expensive than sample 
checking by hand. Uniform quality of 
accepted parts is assured; salvageable 
rings are positively classified so that 
rework costs are lowered; and rejected 
rings are definitely known to be below 
acceptable standards. Model illustrated 
in Fig. 1 is a single-purpose machine 
for automatically checking oil rings of 
0.108” thickness and compression rings 
of %” thickness, both ef 5.750” O.D. 
Gap mi both rings is 0.070” wide, with 
a tolerance of +0.0035”. Compression 
ring is tapered, while oil ring has 4 
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What is a Constant Voltage Trans- 
former? —why is it necessary? —how 
does it operate?—where can it be 
used?— what new developments 
have resulted from its world-wide, 
war-time use? — 

. .. these and many other impor- 
tant questions are fully answered in 
this new Sota handbook. 

The Constant Voltage Transfor- 


Constaive! afte | 


Thirty 


mer is an exclusive SOLA product— 
the ONLY voltage regulating TRANS- 
FORMER. In principle, design and 
construction it is different and should 
not be confused with ordinary types 
of voltage regulating networks. 

It employs no tubes and has no 
moving parts. It is fully automatic 
in operation, it is not dependent on 
manual control or supervision and 


designers 


manufacturers 
7 


maintenance 
engineers 
ry 


salesmen 


users of 
_electronic and 
electrically 
operated 
equipment 


minutes of interesting reading that will 
help you build a better product or get greater 
satisfaction from equipment now in use 


protects both itself and the equip- 
ment it serves against voltage surges 
or short circuit. It instantly cor- 
rects voltage fluctuations as great as 
30% to within + 1% of rated value. 
Your product will serve more peo- 
ple — better—with built-in Constant 
Voltage. There are SoLa units spe- 
cially designed for that purpose— 
fully described in this new handbook. 





Write for your copy 
You will find in this handbook a 
final answer to the problem that con- 
fronts every manufacturer or user of 
electrically operated equipment. 


Ask for Bulletin GCV-102 











Transformers for: Constant Voltage » Cold Cathode Lighting » Mercury Lamps « Series Lighting + Fluorescent Lighting + X-RayEquipment + Luminous Tube Signs 
Oi! Burner Ignition » Radio » Power + Controls + Signal Systems + etc. SOLA ELECTRIC COMPANY, 2525 Clybourn Avenue, Chicago 14, Illinois 


December 1945—Instruments—Page 927 












































































































s 


. WRITE TODAY FOR 


| NEW 


24 -PAGE 


CATALOG 
: 0 


f 
METERS 
& INSTRUMENTS 


. . . for Electrical, Industrial, 
and Electronic applications. 
An extensive line of Standard and 
Special types of Voltmeters, Am- 
meters, Micro-Ammeters, Ohm- 
meters, Freq. Meters, Bridges 
(Wheatstone), Megohmmeters, 
Rheostats, Variable Transformers, 

Relays, etc. 


Many special values of 
unusual interest. 


Consult us on your Electrical Meas 
urement problems Write for your 


FLECTRO-TECH 
Po guipmerl Ca: 


119 LAFAYETTE ST.. NEW YORK 13, N.Y 
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PLASTIC RADIO DIALS combine the beauty | 
of radiant color with the utility of perfect |” 
light transmission. 


The possibilities of design, size, shape and | © 
color combination are limitless. a) 
Whether your problem is dials, or any of 
hundreds of allied applications, let Hopp 


artists and engineers ‘‘sitin” on your design- 
ing problem. 


Send us your blueprints or samples for quotation. 















THE HOPP PRESS, INC. 


460 WEST 34th STREET, NEW YORK 1, N. Y. 
ESTABLISHED 1893 















REX RHEOSTAT COMPANY, BALDWIN, L.I..N. Y. 





PROTECTED and 
UNPROTECTED 


TUBULAR SLIDE- 
CONTACT RHEOSTATS 


WITH SELF-LUBRICATING 
CONTACT BRUSHES 


ADJUSTABLE 
RESISTORS 


PROMPT SHIPMENTS 
REX RHEOSTAT CO. 


BALDWIN, L. 1, N. Y. 











profiled periphery. Machine will ¢ \e¢; 
an average of 1500 of these rings po, 
hour; can be adapted to other sizes anq 
types of rings. It segregates rings nt 
three groups: (1) acceptable perip er 
and gap, (2) reject gap and (3) r. ect 
periphery because of failure to mec’ re. 
quirements. Checking and classific: joy 
are automatic, operator having bv: to 


load rings into feeding device. Ele. tric 
circuits, photocells, Micro-swit> jes. 
solenoids and relays actuate ge ing 


and selector devices. In Fig. 2, ¢ 
machine has been removed to 
feed device and other mechanism. 
matic cycle starts with feed slide moy- 
ing to rear, selecting bottom ring from 
stack and carrying it into gaging posj- 
tion formed by the 180° arcs in feed 
slide and stationary compression plate 
As slide and compression plate con 
together, ring is compressed so that 
gap is closed and gap width deter- 
mined. A deviation of 0.001” from the 
master can be detected. Vertical feed 
spider then descends onto ring, push- 
ing it into a constantly-rotating master 
ring. Rollers on ends of spider fingers 
assist in properly positioning the piston 
ring opened to its normal operating po 
sition. A light beam projected through 
an optical system scans outside peri- 
phery of ring where it is in contact 
with master ring while it makes slight- 
ly more than a complete revolutio: 
If ring is not sufficiently light-tight at 
any point on periphery, light passing 
through clearance energizes a photocel 
which in turn sets up a holding cir- 
cuit by means of a relay. This relay is 
not energized if the piston ring is ac- 
ceptably light-tight (within 0.0001", 
ie, a clearance of 0.0002”) while 
0.0003” will cause a ring to be rejected. 
This system can be set for whatever tol- 
erance is desired. Inspected ring rotates 
with master ring while feed slide re- 
turns to original position, picks up 
another ring and carries it through 
the gap-checking operation. Then, as 
this second ring is positioned in rotat- 
ing master ring, previously inspected 
ring is ejected onto two solenoid-oper- 
ated selector shutters or trap doors. If 
ring is acceptable, both shutters remain 
closed and ring slides out front of 
machine onto a rack; if ring is a reject 
because of either periphery or gap, se- 
lector shutters permit the ring to fall 
by gravity into reject stations on sides 
of the machine. A spring-loaded clutch 
throws driving mechanism out of gear 
should machine jam by reason of rings 
being laced together while loading into 
feeding mechanism.—The Sheffirld 
Corp., Dayton 1, Ohio. 


A 





High-speed Counter 


New two-decade electronic high-sp¢ 
counter is particularly applicable f 
counts exceeding 10 per second; and 
installations where mechanical cour - 
ers would wear out too soon. Us 
alone as a two-decade instrument, 
maximum count capacity is 100._ 
tube-operated relay is provided f 
cases where the quantity to be coun 
ed exceeds 100. The relay has an s-p.d 
contact arrangement brought out 
terminals on front panel and operat! 
once for each 100 counts. An elect 
mechanical counter may be connect: 
in series with these terminals and : 
appropriate external. power sour: 
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suc as the a-c. line. Each 100 counts 
of ie electronic counter will then cause 
one operation of the electromechanical 
cou iter. When relay and an external 
me nanical counter are not involved, 
the two-decade electronic counter may 
be ised alone, at counting rates up to 
20,00 per second. Instrument com- 
prises an input section, suitable for 
any of these four types of input cir- 
cuits: (a) contact closure; (b) pulse 
sigials; (c) sine-wave signals; (d) 
square-wave signals. It further consists 
of two standard counter-decades 
(designated “units decade” and “tens 
decade”), an output relay stage, and a 
power supply. For application problems 
where an operation is to be controlled 
or a signal given after a predetermined 
number of counts special designs may 
be made. The two-decade electronic 
counter comes complete with power 
supply, ready for operation from a 
nominal 115-volts 60-cycle a-c. power 
line. No special tubes are required. 
Outside dimensions of the cased in- 
strument: width, 1344"; height, 8%”; 
depth, 10”. Weight complete, 26 lbs.— 
Potter Instrument Co., 136-56 Roose- 
velt Ave., Flushing, N. Y. 









Multiple Bulkhead Connectors 


New double-disconnect type bulkhead 
connector is said to be particularly 
adapted to stationary wire installa- 
tions, such as on aircraft, where quick 















ing ranges: 180-300 volts 





REGULATED POWER SUPPLY 


Wide fields of application have been opened up both in 

research and industry for this unit. A-C ripple is negligible 

and extreme care has been taken to eliminate high-fre- 
quency noise. Regulated power supply units are invaluable for 
such applications as amplifiers, television pulse generators, 
constant frequency oscillators, and measuring equipment. 


Other G-E regulated power-supplies are available in the follow- 


Write today: Electronics Department, Specialty Division, 
General Electric, Syracuse, N. Y 


Electronic Measuring Instruments 


GENERAL @ELE 


250-450 VOLTS 


160-1500 volts Dual Regulated 


CTRIC 


164-D1 












AMTHOR 


TENSILE STRENGTH 


TESTERS 













for 























connection and disconnection of individ- 
ual circuits from either side of mounted 
bulkhead connector is desirable. Per- 
manent current-carrying members ex- 
tend from both sides of the bulkhead 
part; are of same design as AMP knife- 
switch splicing terminal; therefore 
terminal may be connected or discor- 
nected from multiple connector member 
merely ny holding it vertically in con- 
tact with that member and then pull- 
ing back. Resulting connection is said 
to be a perfect 4-point contact giving 
maximum electrical and mechanical 
service performance. Plastic covers 
Shap easily into place over wire connec- 












PAPER 
CORDAGE 
RUBBER 
LEATHER 
WIRE 

FLAT MATERIALS 





PAPER FOLDING ENDURANCE TESTER 
BURSTING TESTER 
MICROMETERS (POCKET and DESK) 
PAPER BASIS WEIGHT SCALES 
CORDAGE SCALES 
ALUMINUM FOIL SCALES 
COMPUTING SCALES 
RUBBER ABRASION TESTER 


DEAD WEIGHT 
PRESSURE GAUGE TESTER 


TACHOMETERS 
INDICATING and RECORDING 


MERCURY COLUMN GAUGES 


AMTHOR 
TESTING INSTRUMENT CO. ING, 
48 Van Sinderen Ave., Brooklyn, N. Y. 
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NOW We Can Give You 


| SPECIAL 
CLOCK MOVEMENTS 
by 


CHELSEA 


We now are ready to work 
with you on the develop- 
ment and production of 
special clock movements 
and clockwork mechanisms 
instruments. 


for recording 


Write us your requirements. 





CHELSEA 


CLOCK COMPANY 


385 EVERETT AVE., CHELSEA 50, MASS. 
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| CoP air ong 


et=-air 


Means Today’s highest 
Standards of Accuracy! 


Years of Tel-air’s manufacture of timing mech- 
anisms is exceptional by the foremost recogni- 
tions. Tel-air production of bomb fuzes (tiny 
timing mechanisms) is a story in itself. Prefer- 
ence of Tel-air by America’s leading manufac- 
turers for today’s expanding market is another. 
Tel-air parts and assemblies are found precise and 


reliable by today’s standards for long and 
severe service. 
Investigate! Resourceful engineering, tooling 


and production is a fine art here. 

Whatever your problems in timing bring them 
to Tel-air for immediate attention. PROMPT 
DELIVERY on all orders, large or small. 

Write for profusely illustrated Catalog of 
typical Tel-air products. 


T 



















Wrice for profusely ili ustrated] 
Catalog of typical Tel-air products } 
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ay sams ta 
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a: TELEOPTIC ... 


1265 MOUND AVENUE 


RACINE, WISCONSIN 





FOR ELECTRONIC, OPTICAL 
AND SCIENTIFIC APPARATUS 


WE specialize in the production of 
front or rear surface mirrors, made to 
your specifications. Closest optical and 
dimensional tolerances observed. 


Because of their proven superiority, 
ZENITH mirrors are preferred by many 
leading manufacturers of precision 
equipment. 


We invite your inquiry. 


@ EXCEPTIONAL REFLECTIVITY 

@ ALUMINUM, SILVER, GOLD, etc. 
@ OPAQUE OR SEMI-TRANSPARENT 
@ PERMANENT CHARACTERISTICS 
@ PROMPT SERVICE 


Samples and 


quotations will be submitted promptly. 


SPECIALISTS IN 
VACUUM DEPOSITION 
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123 WEST 64th STREET 
NEW YORK 23, N. Y. 

















tions in such a way as to secure ang 
insulate connections; and entire i; al- 
lation can be made an air-tight s« 
of panel or mounting. Housing prey nt; 
accidental disengagement and does not 
take any of tensile strain of wires s cc 
that is accomplished by each indivi: 3) 
knife-disconnect splice. “AMP P. |x. 
head Connectors” may be ordere: to 
accommodate as many connections as 
desired with different combinations of 
wire sizes from 22 to 10 inclusiy 

Aircraft-Marine Products, Ine., 1551 | 
North Fourth Street, Harvisi.,; 
Penna. . 





Tube Tester 


New “Model 2431 Tube Tester’ has 
a flexible test circuit which provides 
for “tube value” test, short and open 
element test, plus a transconductance 





comparison check for matching tubes. 
Three-position lever switching is said 
to make this one of the speediest and 
most flexible of all tube testers, since 
it provides simplicity in operation and 
still gives individual control for each 
tube element. Long-scale instrument 
(4” size) carries maker’s guarantee 
against defects in workmanship or 
materials. Multicolor scale makes it 
easy to quickly determine condition of 
all tubes. Case is tan with brown trim. 
10” X 10” X 5%”, with a sturdy 
leather strap handle and detachable 
hinged cover.—The Triplett Electrical 
Instrument Co., Bluffton, Ohio. 





Miniature Pentode with Twice 
Previous Signal-to-noise Ratio 


5” 


New miniature “6A electron tube, 
designed by Bell Teleshane Labora- 
tories, is for broad-band, high-fre- 
quency amplification essential to coax- 
ial cable systems; and will probably b« 
used in future FM and _ televisio! 
equipment, It was developed for broa: 
band carrier systems and is said 
have high transconductance, low capa 
tances, low noise, and high input re- 
sistance. It is a pentode tube with | 
directly-heated cathode and has t 
suppressor grid tied internally to t 
cathode. It is capable of operating sa 
isfactorily at frequencies up to appr‘ 
350 Mc. Characteristics of the 6AI 
vacuum tube are: maximum diamet« 
3%”; maximum seated height, 1% 
classification, pentode; type of catho 
indirectly heated; filament or heat 
voltage, 6.38 v; filament or heater ct 
rent, 0.175 amp; normal plate volta: 
















12 ; 
normal | 
cu nt, 
2 la; 
p ‘ahos 
si d) a 
( ns 
ca cita 
VW erTn 
’ N. 
Pla: 

New 






Fig. 


der ins’ 
and to 

related 

Up to 4 
transmi’ 
ployees 
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29 Line 
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al grid voltage, 2 v; normal plate 


nt, 7.5 ma; normal screen current, | 
1a; normal transconductance, 5000 | 
(with | 
output capacitance 


input capacitance, 
h n shield), 2.0 wef; and plate-grid 
citance (with shield), 0.01 uef.— 
ern Electric Co., Inc., 
a oe Ae Ae 





Plant Intercommunication 
Control 


New “Temporator” voiceless inter- 
communication control system is said 


to bring time, cost, employee, produc- | 
tion, materials, inventory, shipping un- | 


der instant, complete, central control | 


and to integrate and codrdinate other 
related plant-management activities. 
Up to 4000 messages per day may be 


transmitted directly to and from em- | 
ployees through one operator seated at | 
a 6-unit central control board (Fig. 1) | 
connected with any number of sub-sta- | 
tion dispatchers (Fig. 2). Speed is at- | 


tained through visible signal dialing. 


Communications are dialed. Symbols | 


identify each production, operation, 


material, employee, order, lot part num- | 


ber, etc. Combination of symbols de- 
livers desired directive or report. Sym- 
bols are flashed upon and are visible 


simultaneously at both central control | 
board and any designated sub-station | 
dispatcher. “Temporator” is said to be | 
adapted in whole or in part to any size | 


organization and to any situation where 


s essential data must be quickly assem- | 
bled. It is installed without interfering 


with present plant layouts.—Tempora- 
tor Div., Simplex Time Recorder Co., 
29 Lincoln Street, Gardner, Mass. 





Diesel-engine Safety Control 
System 


New “Type R-18” safety control sys- 
tem is for the shut-down of diesel en- 
gines, when temperature of circulating- 
water system becomes too high, or 
when there is insufficient lubricating 
oil pressure. System operates by means 
of a pressure- responsive unit, connected 
in engine’s lubricating-oil system, and 
a thermostatic by-pass valve installed 
in circulating water system. Pressure- 


normal screen voltage, 120 v; | 


195 Broad- 











Eliminate Temperature Variations 


wth a 














20 Vesey St., New York 7, New York 
85 E. Gay St., Columbus, Ohio 

600 S. Michigan Ave., Chicago 5, mW. 
1215 Harmon Pi., Minneopolis 3, Minn. 


Conant 
4 yNl- SCAle a 


Rectifier Assembly 


That's right! Here is a new instrument 
rectifier application that gives complete 
freedom from temperature errors. With 
“Uni-Scale;’ AC values are read on the same 


linear scale as DC values. 


The vastly improved frequency response 
achieved by this new development will amaze 
you. “Uni-Scale” assemblies can be 
furnished in any of three Conant series 


(500, 160 or 160-C). 


No priorities necessary—no waiting. Write 


today for data about “Uni-Scale?’ by Conant. 





Gel hs BOO K 


“Instrument Rectifiers and Rectifier Type Instru- 
ments,’ by H. B. Conant. Includes methods for 
compensating for instrumentation errors. Send 
25c¢ to cover cost of handling and mailing to 


=e 
Snstiument Rectifiers 
ELECTRICAL LABORATORIES 


6500 O STREET, LINCOLN 5, NEBRASKA, U.S. A. 








1526 Ivy St., Denver, Colo. 

4214 Country Club Dr., Long wt cs. 
Export Div., 89 Brood St., N.Y. 4, N.Y. 
50 Yarmouth Rd., Toronto, Conada 


2017 Grand Ave., Kansas City 8, Mo. 
1212 Camp St., Dallas 2, Texas 

378 Boulevard N. E., Atlanta, Go. 
4018 Greer Ave., St. Louis, Mo. 
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HIGH VACUUM! 



























































Our complete and modern equipped high- 
vacuum and glass-working laboratory is 
| now available for conducting work on spe- 


for the manufacture of special high-vacuum 


| cial research and experimental problems or 
devices of all kinds to your specifications. 
| 


Experienced technicians are 
available for work on: 


HIGH VACUUM AND 
GASEOUS DISCHARGE TUBES 


lonization Gauges, Pirani Type Gauges, 

Vacuum Thermocouples and T.C. Gauges, 

Bolometers, using Wollaston or Fine Wires, 

Spectroscopic Research Discharge Tubes, 

Geiger Counters, Mass Spectograph Tubes, 
Etc. 


EVAPORATING AND 
SPUTTERING TECHNIQUES 


SCIENTIFIC AND LABORATORY 
GLASS APPARATUS 


In Soft Glass, Pyrex and Quartz. 


We Welcome Your Inquiries 


BALLANTINE LABORATORIES, INC. 
Boonton, New Jersey 

















TRINITY EQUIPMENT & SUPPLY, 


Sg es 


iT.) LIBERTY STREET NEW YORK 
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responsive unit houses a bellows which 
expands upon drop in pressure. This 
in turn releases a trigger so that 
the rod and the spring operate the fuel 
pump or governor lever to shut down 
the engine. This drop in pressure (and 
consequent shut-down of the engine) 
may be caused by failure of the oil sup- 
ply or the opening of the thermostatic 
by-pass valve due to increase in circu- 
lating-water temperature. This self- 
operated system does not require any 
electrical power or additional acces- 
sories as required by some shut-down 
and alarm systems, thereby eliminating 
electrical troubles.— Viking Instru- 
ments, Inc., Stamford, Conn. 





Testing-machine Loading-rate 
Controller and Deflectometer 


New “Southwark Ram Pacer’ per- 
mits loads to be applied at predeter- 
mined speeds in testing metals, woods, 
plastics, etc. It attaches to a standard 





hydraulic testing machine, gives con- 
trol over the crosshead movement at 
eight preset speeds: 0.01”, 0.02”, 
0.05”, 0.1”, 0.2”, 0.4”, 0.5” and 1” per 
minute. Speeds are obtained by gear 
changes on synchronous motor drive 
unit which is attached to fixed frame 
of machine while dial portion of ap- 
paratus is attached to moving cross- 
head. Pointer sprocket wheel and 
sprocket wheel on drive unit are con- 
nected by an endless weighted chain. 
With the gear selected for a certain 
speed, hydraulic valve of testing ma- 


chine is opened until loading head 
to a point where dial pointer st nq; 
still. This means that pointer sprc ket 
and motor-driven sprocket below 
moving at exactly the same speed. * . 
able). Forepump outlet is %” co yer 
tubing; roughing pump outlet js 
copper tubing. Pump is constructe of 
copper cylinders with tinned 1e} 
flange plates.—Litton Engineering 
oratories, Redwood City, Calif. 





Instrument Vibrator 


New instrument vibrator pro: uces 
circular vibratory motion on a plaie 45 
degrees to the horizontal, as required 
by instrument specifications. “Force ae- 





tion” is produced by an off-center ro- 
tating weight, acting at center of grav- 
ity of vibrating assembly. This assem- 
bly has freedom of motion in all direc 
tions on the 45° plane. Adjustable force 
oscillator consists of two unbalanced 
weights enclosed in a circular shell. 
Both have the same _ weight-radius 
product. They can be turned to coun- 
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SAPPHIRE JEWELS 


Bearings, weliaait Orifices, Dies, 
Thread Guides and other Wear Parts 


give you 


Longer Life and Reduced Friction at Reasonable Cost. 


Our Engineering ee is eager to help you. 
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ance each other to give no cen- | Pe 
al force. By turning one part | 
respect to the other they may be 
» give additive centrifugal forces. WEAR RESISTANT —— 
ator is driven by a %-hp. con- ceuiiislies mana 
speed motor through a variable Asm wich tesceegnemaes 


pulley to give stepless speed vari- gS se NON-ABRASIVE 


s from 500 to 3,000 r.p.m. Safety | ae 
1 prevents excessive torque being | y3 ager 
os when starting. Speed control NON CORROSIVE 
le is located at front of machine; wer. 
meter is located on side panel. 
ument is 32” long, 23” wide, 61” 
has a 12” X 18” panel. Vibration 
» itude range is 0 to 1/16” and max. | 
ument load 24 lbs.—Krouse Test- | y) 
Machine Co., 573 East 11th Ave., | UA 
I mbus 3, Ohio. LILLY IH | 








Manin 


Electric Power Analyzer 

Jew “Dual-purpose Electrical Pow- 

\nalyzer,” designed for shop and 
portable service, has knife-edge point- 
ers which permit closely reading volts, 


MM 


| sS 





NON-MAGNETIC 


amperes and watts to tenths of a scale 
division, but can also be read from as 
far as fifty feet. “Model 88-1” (illus- 
trated) is a dual-purpose unit with | 
flush pull rings for either panel mount- 
ing or portable service. ‘Model 88” is | 
portable and, although it has no provi- | 
sion for panel mounting, is suitable for 
such use if desired. Analyzers are 
furnished either complete with “tailored- 
to-fit” lead equipment, with current 
transformer unit, test report forms and 
eficiency data packed in a _ separate 


carrying case; or with a current trans- | INCORPORATED 


former equipped with leather carrying 

handle and threaded terminals but 6421 RAVENSWOOD AVE., CHICAGO 26 
without connecting leads. Mahogany or MANUFACTURING METALLURGISTS 
fabric-covered cases are available. A-c. 
ranges: 0/1.5/5/15/50/150/300 amps., | 
0/150 /800/600 volts, 0/300 min. to 240,- | 
000 watts.—Niagara Electrical Instru- 
ment Co., 204 Franklin St., Buffalo 2, 
Ns Ee 














b Vv , INSTRUMENT 
Vacuum-tube Voltmeter MECHANICS 
WANTED: 


and Amplifier . . . for refinery instrument maintenance. 
T “ec R49? , ° 
New “Model 451 vacuum-tube volt- | Must be experienced in the servicing and 
meter and amplifier for laboratory work | : ; 
i = yy ene & : calibrating of at least two of the fol- 
in industry, universities and like insti- | 
tutions is suitable for measuring am- 


First class Model Maker 
with technical background. 
: ; Experienced in fine mecha- 
lowing four types of instruments: (1) ° ae 

via mm ; nisms, clocks, precision me- 
oxboro ow, Temperature, Pressure and chanical pencils or mechan- 
Liquid Level Recorders & Controllers; ical instruments. Work in 


(2) Bailey Flow Meters, Boiler Meters well-equipped laboratory 
and model shop. New York 


& Combustion Controllers; (3) L&WN 
City location. 


Temperature Indicators, Recorders & 
Pneumatic Controllers; (4) Brown Elec- Box 105 


tric Flow Meters & Pneumatic Controllers. 
Instruments PUBLISHING COMPANY 


1117 Wolfendale Street 


THE ATLANTIC REFINING CO. 
Pittsburgh 12, Pa. 


Plant Personnel Office 
$144 Passyunk Ave., Phila. 45, Pa. 
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Only PALMER 
Gives All Three 


Easy ‘‘Red - Reading - 
Mercury’’ Column 


Extreme accuracy as- 
sured by modern test- 
ing. 


Long life due to quality 
workmanship and mate- 


@ Many safeguards assure accuracy 
and dependability in Palmer Ther- 
mometers. One is illustrated above. 
The operator is checking size of bore 
and diameter of tube with a special 
microscope. Tests like these insure 
every industry that Palmer Industrial, 
Laboratory, Dial and Recording Ther- 
mometers serve faithfully and well. 
Their unfailing dependability make 
them the choice of engineers all over 
the world. 





rials. 





plifier gain, network response, output 
level at audio and radio frequencies, 
especially in the television and broad- 
casting field. Its 25 millivolts a.c. on 
the lowest range, and 1000 volts on the 
highest range, as well as its 10 c.p.s. 
to 700 Mc. frequency range and the 
7 wef input capacity, are said to give 
this unit excellent sensitivity, voltage 
range, and capacity; and to permit 
comprehensive current and resistance 
measurements. Other features: single 
linear scale for all voltage and cur- 
rent scales, single zero adjustments for 
all a-c. and d-c. ranges, voltage-regu- 
lated supply, accuracy 2% of full 
scale values, largg overvoltage capacity, 
fuse located on panel. Weight, 20 lIbs.; 
size 10%” X 9” X 8”.—Reiner Electron- 
ics Co., Inc., 152 West 25th Street, 
New York 1, N. Y. 
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Stabilized Rectifier for 
Telegraph Supply 


New series of “TRX” stabilized recti- 
fier units have dynamic voltage regu- 
lation characteristic such that the load 
current may be varied between zero 
and maximum at any demand fre- 
quency, with negligible variation in 





| 
| 
| 
} 
| 
| 
} 
| 


| terminal voltage. This is importa: t jy 
| telegraph and similar service (Tel: reg. 


ister, teletypewriters, etc.) where ap- 
idly fluctuating load demand may ~ ar, 
from zero to maximum in a few » jj|j. 
seconds. Good dynamic voltage rep Ja. 
tion is therefore necessary in ord: to 


| prevent failure of receiving relays re. 


| sulting from momentarily low ci 
| potentials. 





The new “TRX” circ 
(patent applied for) compensates algo 
for normal variations in a-c. supply 
voltage to the rectifier unit. Other feg- 
tures of “TRX” stabilized rectifier 
include: (1) completely non-res 
filter; (2) optional connection t 
or 230-volt 50/60 cycle a-c. supply 
optional output ranges 110-120, 1: 0-160 
volts; (4) circuit breaker switcl pro- 
tection on a-c. side; (5) voltmeter, am- 
meter, and supervising lamps; (6) con. 
struction for mounting in standard 19 
panel cabinets; (7) models for 1-, 2 
4- and T-amp. capacity —W. Gree) 
Electric Co., Inc., 180 Cedar Street. 


| New York City. 








Thermostatic Soldering Iron 


New “Kwikheat” thermostatic solder- 
ing iron has a built-in thermostatic 


heat control which prevents overheat- 
ing and therefore increases service life. 





bate a aia lide olla So sed see 
Tips need less retinning because they 
are never overheated. Six different tip- 
styles, made of corrosion-resistant cop- 
per alloy, can be interchanged. Iron has 
a 225-watt heating element which heats 
it in 90 seconds, a hard-chrome-plated 


| steel shaft, molded plastic handle, a 
| 6-ft. flexible cord of 3000-cycle HPD, 


and a rubber molded plug. New iron 
has approval of Underwriters Labora- 
tories. 7 . of 
Calif., 3901 San Fernando Rd., Glen- 
dale 4, Calif. 








Photo Transparency Viewer 


New “Copeland Super-Viewer” mag- 
nifies with exceptional clarity 2” > 
and 3% X 4%” photographic transpar- 
encies, is said to incorporate revolu- 
tionary features. Images seen with this 
viewer are completely free from c 
fringes (chromatic aberration). Instru- 
ment provides images which observer's 
describe as a three-dimensional effect 
It is supplied with two slide carriers: 
one to hold 2 X 2” slides, the other ° 4 
xX 444” slides. Transparencies in ot! 
sizes can be viewed by masking 2 
mounting between cover glasses of | 
above sizes. Rotating cylinder hous 
the 8%” wide optical system pern 
adjustment of viewing angle up 
down. A rheostat permits variable lig * 


™s wm IQ 
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ing and acts as an “on-off” switch. Op- 





tica 
posed entirely of surface-coated mir- 
rors 
frst time a combination of high mag- 
nification and large field of view.” 
Lighting system consists of a 25-watt 
lamp backed by white reflectors, in a 
ventilated housing. — Barnett Optical 
laboratories, Chicago 26, Illinois. 









system is not lens-type: is com- | 


is said to “make possible for the | 




















Precision Layout Scale 


0.001” at 50X magnification ruled on 
the under side of the selected plate 
glass of which it is formed. All meas- 







Felt-cushioned screws 







Fine-grained ground glass surtace 


a 


ale 1s printed on under side of ruler 


urements are therefore made when the 
ruled lines of the scale are in actual 
contact with the work, permitting ac- 
curate readings even though viewed 
from different angles. There are two 


top through which rulings are viewed is 
at such an angle that it projects lines 
on scale to extreme edge, thus making 
exact measurements possible, even 


lower edge which eliminates danger of 
blotting ruled ink lines. The straight 
edges of these rules have been lapped 
and polished so that the pencil or pen 
glides along them without detectable 
friction.—Engineers Specialties 


plate Co., Inc., 980 Collicott St., Buffalo 
8, N.Y. 









Hand Pyrometer 


New portable hand pyrometer is for 
measurement of temperatures of atmo- 
spheres and heated liquids in process, 
metalworking, and service industries. 


poe - 
f a j 








Already in use by the Navy for meas- 
uring the temperature of zinc pots 
aboard aircraft carriers, new pyrometer 
is said to provide an easy, accurate 
method of temperature determination: 
it is simply inserted into the liquid or 
atmosphere to be measured and the 
temperature read from the scale. New 


Div. | 
The Universal Engraving and Color- | 


Pyrometer is so constructed that no | 


New layout scale carries divisions of | 





bevels at each edge: larger bevel at | 


though there is a tiny bevel along the | 


| 





| GAERTNER 
PRECISION MEASURING INSTRUMENTS 


reading up to .00005” (.001mm) 


The illustration shows one of our small comparators built up 


MICROMETER 
SLIDE 
COMPARATOR 










for accurate linear 


horizontal measurements 


(inch or metric) 








up to 4” (100mm) range 


of a standard micrometer slide, microscope and support. 


Micrometer slides of various ranges and accuracies together 
with microscopes of different types and powers and a variety 
of supports can be furnished as listed in catalog M138. 


These instruments are widely used in Inspection Depart- 
ments and Laboratories and often may take the place of 
more expensive measuring equipment. 


Send for Catalog M-138 


THE GAERTNER SCIENTIFIC CORP. 


1211 Wrightwood Ave., Chicago 14, U.S.A. 













Here is how you can acquire a better knowledge of elec- 
tronics without trying to be a radio engineer.—Send for 


Elementary Engineering Electronics 
With Special Reference to Measurement and Control 


By ANDREW W. KRAMER 
Managing Editor Power Plant Engineering, 
Member American Institute of Electrical 
Engineers, Associate Member Institute of 
Radio Engineers. 


Cloth, 344 pages, 259 illustrations. 
$2 postpaid. 


ORDER THIS UNIQUE BOOK NOW 


Check, money order or cash must accompany order. 








Instruments Publishing Co., 
1125 Wolfendale St., Pittsburgh 12, Penna. 


I 8 ios ccs osc pd cennccen > GS 
Kramer’s ELEMENTARY ENGINEERING ELEC- 


i TRONICS (at $2.00 each). 
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outstanding units of the 





line requirements. 






















HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 36 years. 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 
tively inexpensive. 


Illustrated 
bulletins 
free. 





The Shore Instrument 
& Mig. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 
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Specify DRAKE for Better Dial Light Assemblies 


HE Dial Light Assembly of the number 
500 U Series illustrated here, is one of the 
widely known 
DRAKE No. 500 Series. The legs of the 
bracket are made in various lengths, from 
27/32” to 1-7/16” from base to shoulder. 
This unit will fasten on any panel from 0 to 
062 thick. When specifying Dial Light As- 
semblies, remember millions of DRAKE 500’s 
have been used since 1940! These units are 
TIME-TESTED . . . offer you all the superior 
advantages developed through years of high- 
ly specialized experience in designing and 
manufacturing Dial and Jewel Light Assem- 
blies exclusively. Extensive facilities for high 
speed production bring you better quality at 
low cost. Is the newest catalog listing the com- 
plete DRAKE line at your finger tips, NOW? 


the unit shown 
above, bas 1-5/16” legs built for .043 


No. 542 U-43 ... 
© \ a Prompt shipments assured in 
8) 2 large quantities for your production 
P) < 


SOCKET AND JEWEL LIGHT ASSEMBLIES 


DRAKE MANUFACTURING CO. 


e718 WEST AUSBBARD SL, CHICAGO. 22, Visi 





Voeu... CRANKLESS 


MODEL C-2 MEGOHMER 
INSULATION TESTER 





Test Potential to 600 Volts DC. Ranges to 
1000 megohms with two or three additional 
ohm ranges in each instrument. Long mirror 
scales, hand drawn, individually calibrated, 
with more scale divisions for superior read- 
ability and split hair accuracy. Automatically 
decreasing test potential protects equipment 
of low resistance valve. 


Truly a Precision Instrument 
WRITE FOR BULLETIN 445 


HERMAN H. ‘ / 
S COMPANY, INC. 





K PLAGE NEW YORK WN. Y 


| parts will work loose in service a 


| x-ray tubes, induction heating, t+ ovyi- 


| originally designed for Armed Forces 





| flow switch. Unit shown will dissipate 
| up to 1200 watts with a constant con- 
| trolled temperature, irrespective of sur- J 
| rounding temperature, within 2°C. This 


built to withstand without failur. 
normal strains of jars, vibrations 
other conditions incident to ship 
storage, and service. Parts are i 


ind 
if 


| changeable to prolong service life «nq 
| facilitate repair. — Roller-Smith 
| Bethlehem, Penna. 





Heat-dissipating Units 
New heat dissipating units for u-« jp 


sion, radar, short-wave radio, etc., were 





are furnished complete with thermo- 
stat control, thermostatic valves and 


16” X 74%” X 7%” unit is available in 
steel, bronze or aluminum. Larger 
models (up to 5000 watts) and smaller 
models can be supplied. In most cases 


where new equipment is being designed |] 


which requires heat dissipation or con- 


| trolled temperature, a specially engi- 
| neered unit will meet requirements 
| Eastern Engineering Co., New Hav: 
| Conn. 


~ 


L, 





Latching Relay 


New small “Aerotrol” latching relay | 
combines two standard “Aerotrol 400 § 
series” relays, with an _ interlocking | 


armature. This design makes it possi- 





ble to combine any two “Aerotrols” 
similar or different types into a lat 


ing relay. New relay is in either sing ° 


or double pile-ups and with all sta 
ard spring pile-up formations and co 
binations. Latching “Aerotrols” can 


| supplied for either a-c. or d-c. ope! ‘- | 
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the 
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INDICATOR 
Di erential Pressure Type 











READ AT A GLANCE 


The swift tempo of industry’s recon- 
version carried through in our up-to- 
date instruments. Modern design and 
construction assures you of accurate. 
speedy output and prevents mistakes. 













For legibility 
The Philadelphia Industrial Thermometer has: 


@ INDIVIDUALLY CALIBRATED TUBE WITH 
MAGNIFYING FRONT 


@ RED READING — YELLOW BACKED AND 
PLAIN GLASS TUBING 



















® NO DISCOLORATION — SCALE — NOR 
CLOUDING OF MERCURY TUBE 






RATE OF FLOW 


LIQUID LEVEL 


DIFFERENTIAL 
PRESSURES 
















Me | THE PHILADELPHIA THERMOMETER CO. 
~*~ 4y 4401 N. SIXTH STREET, PHILADELPHIA 40, PA: 
RATE OF FEED | “PHILADELPHIA’S OLDEST THERMOMETER MANUFACTURER” 


of hydraulically driven equipment 














Suifable for Stafic Pressures 
Up to 3,000 P.S.I. 


DIFFERENTIAL 
PRESSURE RANGES 


From 0-50 inches W.C. 
To 0-30 P.S.I. 


RUPTURE-PROOF | 
BELLOWS UNIT | 






TIME SWITCHES 


TRIPLE POLE 
DOUBLE POLE 
SINGLE POLE 


All three types can be furnished with 
capacities ranging from 20 TO 200 
AMPERES PER POLE. 


® 
PROCESS TIMERS 


INTERVAL TIMERS, or PROCESS 
TIMERS, are furnished in two types. 
One is reset by hand (manual); other 
resets itself, automatically. Both types 
can be provided for practically any oe 
of time, as or from zero 

maximum SYNCHRONOUS, 
SELF- STARTING: "MOTORS. 


Standardized Special 


MOTORS and SIGNAL TIMERS 


Gear Motors 




















































An exclusive feature. Sensitive and | 
accurate under high operating pres- | 
sures. Withstands extreme over- | 

| 

















ranging. 



























| 
° ° ° ° As a result of 30 years specialization in the design 
Write for descriptive bulletin | and manufacture of special motors and gear motors Used extensively for starting ~y stop- 
N. | of from 1/3000 to 1/3 h.p.. Speedway has developed ~~. industrial work; class 
oO. 11C2. not only a vast store of “‘know how’’, but innumerable Poll ods; for municipal time ol etc. 
; standardized units which can be assembled and wound lly adjustable over 24-hour iod in 
in varying combinations to give shaded pole, shunt steps of five minutes. Sunday Holiday 
® wound or series wound motors, engineered to exactly Cutout and Manual Control 
meet epecified requirements of output, torque, space, . 
speed and even cost. + 









at standard motor prices. 
If you have a war or post-war motor problem, send AUTOMATIC ELECTRIC MFG C0 
‘4 > . . 
2306 t 38th S PRODUCTION DELIVERED PROMPTLY 


With these standardized parts and units, augmented 
BARTON by over 3600 different gear combinations, SpeedWay Write for Information 
for the SpeedWay Motor Catalog. 
| 
LOS ANGELES 11 CALIFORNIA : SPEEDWAY MANUFACTURING CO. 
| 1839 SOUTH LARAMIE AVENUE, CICERO 50, ILL. 


can often supply highly special motors and gear motors 
INSTRUMENT CoO. 
SAMPLE MOTORS OF TYPES NOW IN MANKATO, MINNESOTA 
December 1945—Instruments—Page 937 


















Wes making aa 


ACCURATE 


INSTANT READING 
of INSULATION RESISTANCE 
ee == _wor DELAYED 


BY CRANKING 
UP WITH A 


HAND-CRANKED 
GENERATOR 


a 


VIBROTEST 


INSULATION RESISTANCE 
TESTER 


Model 201 Vibrotest 
Range O-200 Megohms 
at 500 volts potential 
O-2000 Ohms, 150-300- 
600 Volts AC or DC. 
One of 36 models. 





SELF-CONTAINED 


Power source produces constant poten- 
tial of 500 volts. 


NO CRANKING. 
NO LEVELING. 


ONE-HAND operation, level or at prac- 
tically any angle. 

EASILY READ scale shows ohms and 
megohms. 


SEVERAL COMBINATIONS of AC 


and DC voltages available. 


»-ctgnphtmaaiaiael CASED, 
able. 


Ideal tester for quick dependable time-saving 
testing by electrical contractors, maintenance 
superintendents, and others responsible for 
protection of equipment. One of 36 Vibrotest 
models for every requirement. 


easily port- 


Send for Bulletins 


Associated Research also makes HYPOT, all- 
purpose insulation breakdown tester. VIBRO- 
GROUND, ground resistance tester, and many 
others. Full facilities for repair of electrical 
instruments. 


Engineering Service 
Representatives in 
all Principal Cities. 


ASSOCIATED RESEARCH, Inc. 


233 So. Green St., Chicago 7, lillinols 
Tel. STAte SO76 
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tion with maximum voltage of 125v. d-c. 
or 120v., 60 cycle a-c. Dimensions: 
height, 1%e”, length, 2%”, width, '%e”. 
—Magnetronic Div., Cook Electric Co., 
2700 Southport Ave., Chicago 14, Ill. 





Temperature Control System 
for Buildings 


New “Econostat” regulates heating 
system of a building directly from the 
outdoor temperature by varying the 
“heat on” periods. Thus, heat supplied 








TERMINAL BOX 


SWITCH A 
LEVER ARM 


SEAL GASKET 
ON COVER 


DEPRESSION 


SUNDAY AND HOLIDAY ENCLOSED SWITCH 
OMITTING DEVICE 


to building is proportional to heat loss 
from building and not dependent on 
temperature in any particular room. 
A wide range of adjustments permits 
instrument to be adapted to operating 
condition of individual installation. 
Length of time for each cycle, operat- 
ing range, calibration, amount of night 
temperature depression, as well as 
morning warm-up, are all adjustable. 
Result is said to be a simple, compact 
and dependable temperature control 
system which can be easily installed 
and adjusted to assure economical fuel 
consumption. “Econostat” is adaptable 
to steam or hot water heating systems 
in either new or existing buildings. It 
can be used to control motor-operated 
valves, stokers, and gas or oil burners. 
— Barber-Colman Co., Rockford, Illi- 
nois. 


Plug-in Switches 


A new switch which is instantly re- 
newable, similarly to a fuse, is desig- 
nated as a plug-in type, in that there 
are two brass plugs which fit into 
sockets. Switch is furnished complete 
with plug and socket. It is a non-snap 
type. However, makers announce that 
they are now arranging to furnish their 











entire line of switches, which run from 
midget size to some capable of tal 
50 amps. at 110 volts a.c., with this 
newable feature. These are full gp. 
switches having double break contacts 
and operating at speeds from ‘oth to 
*oth of a second.—Robert Hethering:»» 
& Sons, Inc., Sharon Hill, Penna. 


Iron-core Magnetic Components 


New iron core magnetic components 
are designed with power ratings rang- 


ing from milliwatts to kilowatts, and 
are constructed in open frame, semi- 





and 


enclosed 
sealed types; and with various terminal 
types, including standard nut-fasteners 
and solder-type binding posts with por- 
celain bases. Hermetically sealed units 
utilize either compression bushings on 
porcelain bases, or glass-to-metal fusion 


enclosed, hermetically 


seals in one piece covers, and it is 
claimed that they can withstand suc- 
cessive immersion in 
hot tin dip. Applications include plate 
and filament supplies, audio-frequency 
and modulation transformers, power 
transformers and_ reactors.—Federal 
Telephone and Radio Corp., 200 Mount 
Pleasant Ave., Newark, N. J. 


Heavy-duty Voltage itaens 
for Low-voltage D-c. Generators 


New 3-unit vibrating type heavy- 


duty voltage regulators for low-voltage 
d-c. generator application are especially 
stationary 


suitable for or mobile gas 





(qe 


\\ 


engine- or motor-driven generators. A 
three units (reverse current relay, vo 
age control, and current limiter) are 
designed to work in any position and 
withstand external vibration and sho 
normally encountered in mobile appar: 
tus. Complete assembly is sealed in 
dust-tight water-proof gasketed draw 
steel enclosure. New regulators a 
available in maximum capacities of 30 
amperes at 6 to 32 volts and 45 amper‘ 
at 6 to 12 volts d-c. Maximum fie 
current rating: 3 amperes at 6 volts 
0.5 amperes at 32 volts d-c. Appro? 
dimensions: width,” 7%”; depth, 4 
height, 3144”. Average weight, 3.25 Ib 
Because such voltage regulators mus 
be calibrated as to settings and r 
sistance values to match generat 
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* THERMONICS is the science of temperature control THERMOSWITCH is the prime factor 
developed by Fenwal, Incorporated, by the direct pro- in Thermonics. So many are the fune- 
cess of determining the needs of industry and science for tions of THERMOSWITCH, and so com- 
unerringly accurate thermal control of wide applica- prehensive is the field of Thermonics, 
tions. Many thousands of applications and tests have that practically all processes of manu- 
proven the efficacy of the Fenwal Thermoswitch, prime facture requiring accurate thermal 
factor of this refined and exact science of Thermonics, reculation are served by THERMO- 
which takes its place of due importance in the field of SWITCH. Few. if any products whose 
temperature control and thermal regulation. efficiency depends on temperature & 
control, exist today or are planned, 
Thermonics as a science in itself earns and deserves that can omit the consideration of Thermonics in basic 
the attention of: engineering and the use of THERMOSWITCH for functional 
' competency and economy of operation. THERMOSWITCH 
@ all processes and production requiring regu- in its many types and adaptations, offers a lightweight, 
lation of extreme or moderate temperatures; compact vibration-proof, highly sensitive yet rugged 
regulatory and detectory unit of almost unlimited utility. 

@ makers of equipment requiring light weight, e Fenwal’s data folder on Thermonics will prove of ° 

compact, efficient thermal regulation; value to engineers. Your copy is ready for you, 


ded THERMORKS Pre % Yin 














@ makers and users of machinery, equipment, 
vehicles, wherein a safety factor of control- 
ling or indicating excessive or dangerous 
changes in temperature is essential. 


THERMOSWITCHES 
FOR COMPLETE TEMPERATURE CONTROL 


29 Pleasant Street, Ashland, Massachusetts 
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ELECTRO-PNEUMATIC TIME DELAY RELAY 


ELIZABETH AGA NEW JERSEY 


AMERICAN GAS ACCUMULATOR COMPANY 


PYRO onticat bynomerer 





MONEY! 


By using PYRO, a self- 
contained, DIRECT 
READING, § sturdy 
unit made to stand 
rough use. It is abso- 
lutely accurate and 
dependable, and quick- 
ly pays for itself. 

Unique construction 
enables operator to 
rapidly determine tem- 
perature even on 
minute spots, fast 
moving objects, or 
smatiiest stream; no 
correction charts, no 
accessories, no main- 
tenance expense. Spe- 
cial ‘“*‘FOUNDRY 
TYPE” and “Univer- 
sal TRIPLE RANGE” 
have, in addition to 
standard calibrated 
range, a red correc- 
tion scale determin- 
ing TRUE SPOUT 
and POTITRING TEM- 
PERATURES of mol- 
ten iron and steel 
when measured in the 
open. 

Stock ranges 1400° F. to 5000° F. 
Bulletins on PYRO Optical, Radiation, Surface 
and Immersion Pyrometers on request. 
THE PYROMETER INSTRUMENT CO. 
Piant & Lab 
103-107 LAFAYETTE ST., NEW YORK, N. Y. 
tn Canada, Sales and Repair Laberstory: 
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ENGINEERS WANTED 


Electronic 


to develop circuits and 
market for new tube and 
equipment. 


Sales 


to analyze processes and 
establish specifications 
for control equipment. 





Design and Development 


Hydraulic controls for 

all types of industrial ap- 

plications. Send complete 
information to 


H. P. NIEMANN 


Mark personal. 


ASKANIA 


REGULATOR COMPANY 


1603 S. Michigan Avenue 
Chicago, Illinois 

















specifications, it is necessary to con ult 
, manufacturer’s engineering depart. 
| ment, giving complete characteris jcs 

of generators.—R-B-M Mfg. Co., : di- 
vision of Essex Wire Corp.), Loge :s 
port, Indiana. 





Sand Rammer 


aa New sand rammer built in acce-d 
| ance with A.F.A. specifications is d 
to obtain rammed sand specimen of 
2” * 2” dimension. It incorporates 





| following features: longer weight rais- 
ing cam bearing; take-up on weight 
| raising cam bearing; lever cam for 
raising rammer-plunger-weight as- 
sembly during loading and unloading 
cycle; flowability indicator mounted on 
top to improve visibility of dial, clean- 
liness of indicator and the life of indi- 
cator by reducing shock; flowability in- 
dicator automatically moves to inopera- 
tive position on raising plunger as- 
| sembly. Sand Rammer illustrated is 
equipped for moisture determination 
and flowability determination.—Harry 
| W. Dietert Co., 9330 Roselawn Ave 
Detroit 4, Mich. 





Sealed-in-glass Selenium Rectifiers 

New high-voltage selenium rectifier 
stacks, hermetically sealed in glass are 
no larger around than a fountain pen 
and constructed like a cartridge fuse. 





| Electrical connection is made throug 
heavy silver-plated ferrules at each e! 
of glass tube. Ferrule size permi 
| mounting in 30-amp. fuse clips u 
| polarized or polarized by addition of 
| simple member to fuse clip assemb! 
| New rectifiers are especially design: 
| for operation in high ambient tempe1 
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are available in several tube 
len) 2S and in voltages up to 4000 
—Federal Telephone & Radio 








Power Supply 


Ww 
consists of a two-section filter, 


sized iron chokes in the “A” supply 


hum in operating 4-, 5-, or 6-tube 
1% volt battery radios from 105-125 
50-60 cycle lines. Circuit is de- 
signed for optimum voltage regulation 
i changes in line voltages. Provides 
“A” supply 1.5v. at 200 ma., 1.35v. 
250 ma., 1.55v. at 300 ma., 1.35v. at 
ma. and for “B” supply 90v. at 13 
10lv. at 8.5 ma.—General Trans- 







for 
at 

850 
ma 


Chicago, Ill. 





, 67 Broad St., New York 4, N.Y. | 


Model H Porta-power instru- | 
vosed of three capacitors and two | 


two capacitors and an oversized | 
» in the “B” supply to block out | 


former Corp., 1250 W. Van Buren St., | 


INSPECTING MIDGET ELECTRONIC TUBES 





























Battery Condition Tester 


cally the equivalent gravity of any lead- 


or voltage. It places no load on the 








battery and battery need not be dis- 













charging danger and warns of destruc- 
tive overcharging. Weak or defective 


as a check against future failure by 
using it in conjunction 
test. Four-color-seale dial 
guess-work, is said to be “four times 
more accurate than conventional instru- 








in molded acid-proof Bakelite cases 
and are not affected by weather or tem- 


land 8, Ohio. 


turbed at time of reading. Instrument | 
may be permanently connected to bat- | 
tery, or used as a portable tester. Probe | 
type “Chargicator” illustrated gives in- , 
stantaneous measurement of battery | 
condition, shows what charging rate to | 
use, indicates percentage of charge and | 


ments.” A size and type is available for | 
every need. All models are sealed with- | 


perature. — Hickok Electrical Instru- | 
ment Co., 10519 Dupont Avenue, Cleve- | 


New “Chargicator” indicates electri- | 


acid storage battery, regardless of size | 


cells are spotted before actual failure | 
occurs and instrument may also be used | 


with a load | 
eliminates | 


Se a 


American @ Optical 


COMPANY 


Scientific Instrument Division 
Buffalo 11, New York 









TEST INSTRUMENTS 


BURGESS 
BATTERIES 


RECOGNIZED BY THEIR 
STRIPES * REMEMBERED 
BY THEIR SERVICE 














































uth ee MICROSCOPE 


Small in size, but big in performance, 
electronic tubes like the one above have 
made possible camera-size radios, hearing 
aids that fit the palm of your hand, “walkie- 
talkies,” and many other developments. 

The originator of these tubes, Hytron 
Radio and Electronics Corporation, over- 
came control and inspection difficulties 
(spacing tolerances in some tubes are as 
small as .0008 in.) by extending the vision 
of their workers with Spencer Stereoscopic 
Microscopes. 

Providing greatly enlarged, clearly de- 
fined, three-dimensional images. these micro- 
scopes offer advantages to all who must 
study small details. For descriptive litera- 
ture write Dept. Z32 


oe. 


Manyacturers of SPENCER Seienlifie Instruments 





RAWSON 
D.C. MULTIMETERS 


Type 501A 
Accuracy 1/4 of 1% 


Readings from 2 microamps to 1 
ampere on 5 ranges, and 20 micro- 
volts to 1000 volts on 9 ranges. 


Also 
THERMAL MULTIMETERS FOR A.C. 


Special Apparatus Built to Order 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


110 POTTER ST. CAMBRIDGE, MASS. 
Representatives 
CHICAGO NEW YORK CITY 














December 1945—Instruments—Page 941 







































































J Gatchmabbcek=selumtefolest-han= 


CHICAGO 

The regular meeting of the Chicago Sec- 
tion of the Instrument Society of America 
was held November 5th at the Merchants 
and Manufacturers’ Club in the Merchan- 
dise Mart and approximately 150 members 
and guests were present. 

The speaker of the evening, P. A. Elfers, 
Vice President in charge of sales, Fisher 
Governor Company, selected as his subject, 
“Direct-actuated Pressure Regulators.” 
Slides of the various types of regulators 
were shown and discussed by the speaker. 

In his discussion of the operational prin- 
ciples of these various types of regulators, 
he pointed out the advantages as well as 
the limitations of each type. He classified 
direct - actuated regulators as, any type 
which did not require operating medium 
from an outside source; several examples 
were cited and the application of each 
given. 

following P. A. Elfer’s presentation, an 
interesting question and answer period was 
held and, judging from the duration and 
active participation of this period, there 
was extreme interest in P. A. Elfer’s sub- 
ject. 

—J. A. Riecs, Technical Chairman 


INDIANAPOLIS 

A group of Indianapolis instrument men 
held a meeting November 30th in the office 
of the Minneapolis Honeywell Regulator Co. 
in order to organize Indianapolis into an 
active Section of the Instrument Society of 
America. Mr. Sesson (a host) was named 
Chairman pro tem, Morris Underwood, tem- 
porary Secretary, and Montgomery, Vice- 
chairman. 

Discussions pertaining to the date of 
meeting, place, committees, etc., took up 
the major part of the evening. A steering 
committee was chosen which consisted of 
the following: Chairman: Sisson (Minne- 
apolis-Honeywell Regulator Co., also a mem- 
ber of the Kansas City Society) ; Vice Chair- 
man: Montgomery (P. R. Mallory & Co.); 
Secretary: Morris Underwood (Indianapolis 
Power & Light Co.); Membership: Fox 
(Light Metals, also member of Wayne 
County Society); Rockwell (Thomas & 
Skinner) ; Keeler (Eli Lilly & Company). 

Harvey Rockwell emphasized the impor- 
tance of having good programs, speakers 
for all meetings, which led into the deci- 
sion as to the next meeting. After deliberat- 
ing as to a date that would not conflict 
with any other scheduled meetings of vari- 
ous other organizations it was decided to 
have the meeting December 6th at 7:30 p.m. 
at the Purdue University Extension, 902 N. 
Meridian St., Indianapolis. —H.W.H. 


KANSAS CITY 

At the November meeting the Kansas 
City Industrial Instrumentation Society, 
M. A. Enquist (Fluor Corp.), George Agin 
(Sheffield Steel), and Baker Manley (J. F. 
Pritchard) acted as tellers to count the 
votes cast for officers. The officers elected 
were as follows: President: Lester Johnson 
(Sinclair Refining) ; Vice-President: Robert 
Cook (Westinghouse Electric); Secretary- 
Treasurer: Oliver Boutros (Boutros Instru- 
ment Company). 

Stan Furber (Minneapolis - Honeywell) 
presented a fine talk on “The Application 
of Instruments on a Typical Air Condi- 
tioning Fan System” as our basic lecture. 

Our guest speaker, M. J. Boho, Assistant 
General Sales Manager of the Hagan Corp., 
presented an illustrated talk on “Multiple 
Fuel Firing Control.” He began his lecture 
by giving us the basic theory of combustion 
and then explaining what multiple fuel fir- 
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ing was and why it was used. The illustra- 
tions and descriptions of the various con- 
trollers used, such as totalizing relays, ratio 
flow devices, etc., were interestingly educa- 
tional and definitely enjoyed by all those 
present. 

A motion was passed by the membership 
that our society should not take action on 
the Constitution of the Instrument Society 
of America until we had a copy of the by- 
laws under which this Society will function. 

—W. A. REICHOW, President 





NEW JERSEY 

The annual joint meeting of the New 
Jersey and the New York Sections of the 
I.S.A. was held November 13 in the Essex 
House in Newark. These joint sessions are 
always well attended and very interesting 
and we hope they can be continued indefi- 
nitely. 

Our speaker, Mr. J. G. Berger, Consult- 
ing Engineer, enlightened us on the instru- 
mentation in the small power plant. His 
illustrated talk stressed the economical pos- 
sibilities with proper operation and showed 
clearly how proper instrumentation fits into 
the picture. He also stressed the degree of 
instrumentation necessary, and economically 
justifiable, for various size boiler units. 

The meeting was well attended and a 
group of twenty constituted the delegation 
from our neighboring N. Y. Section. 

—H. S. Ciose, Secretary 





NEW ORLEANS 

The New Orleans Instrument Society was 
organized November 28th at a meeting held 
in the St. Charles Hotel at 8:00 p.m. 

The meeting was open to discussions and 
extemporaneous talks pertaining to the So- 
ciety, plans and organizational problems. 
Those present participated in expressing 
their views on the subject of organizing. 
After considerable discussion it was decided 
to elect temporary officers. The following 
were elected: A. W. Chapman (Manager of 
Technical Operations Celotex Corp.) elected 
to serve as President for the balance of 
the year and W. H. Haney as temporary 
Secretary-Treasurer. The chairman an- 
nounced that the next meeting would be 
held December 17th at 8:00 p.m. in the 
St. Charles Hotel, as decided. 

—W. H. Haney, Sec’y-Treas. 





ST. LOUIS 

The St. Louis Society for Instrumentation 
held its regular November meeting at the 
DeSoto Hotel in St. Louis on Monday, Nov. 
19th, at which time the speaker, Ray Was- 
sell of the Airpath Instrument Co. of St. 
Louis gave a very interesting description 
of various aircraft instruments such as: 
Air Speed, Rate-of-climb, Sensitive Alti- 
meter, Manifold Pressure, Turn-and-bank, 
Gyro Compass and Magnetic Compass. He 
discussed the value and limitations of each 
instrument and the construction features of 
a few. He pointed out that the Gyro Com- 
pass, while steadier in flight than the Mag- 
netic Compass, will gradually develop an 
error due to precession of the gyro and 
must therefore be re-set at short intervals 
by means of the Magnetic Compass. It was 
concluded that a magnetic compass is a 
necessity in the plane, in addition to the 
Gyro Compass. The great value of the Gyro 
Compass in keeping on the beam when com- 
ing in for a landing was stressed, as well 
as the method of compensating the Mag- 
netic Compass for the metal in the plane 
by the adjustment of permanent magnets 
built in the instrument. 

Having been a pilot in World War I, 


Wassell’s remarks and descriptions o 
craft instruments were given in the } 
of practical information for the mer 
use them today. 

—H. E. ZErrren, Sec 





NORTHERN INDIANA SOCIETY Fo! 
MEASUREMENT AND CONTROL 
EDUCATION-FRATERNITY-DEMOCRAC) 


The Northern Indiana Section of the Ip. 
strument Society of America held its meet. 
ing at the Lake Hotel in Gary, Ind., Noy, 
16th. 

Following the dinner, the meeting was 
turned over to a delegation from Brow, 
Instrument Company headed by Charlie 
Sharp and Earl Bush. This delegation came 
prepared to answer any questions that 
those present asked. 

Before the meeting, each person was 
given a card upon which he was requested 
to write down any questions he wished to 
have answered or discussed by the delega- 
tion. After the dinner, the cards were given 
to William Hitt, Program Chairman, who 
read them individually to the group. The 
delegation considered each question; then 
gave an answer and explanation. Consider- 
able interest was created and a number of 
discussions were started. 

This educational, as well as enlightening, 
meeting was concluded with a report from 
Gene Bainbridge, our representative at the 
meeting of the Instrument Society of Amer- 
ica held at Pittsburgh. 

—PAUL KEEFER, 
Member of Publicity Committee 





PHILADELPHIA 


Dr. C. O. Fairchild’s discussion of the 
role of the Galvanometer in Recorders high- 
lighted the November meeting of the Phila- 
delphia Section. 

Dr. Fairchild, Research Director of the 
Cc. J. Tagliabue Company, explained in 
terms familiar to the layman the design of 
the present-day mirror-type galvanometer, 
its features—pointerless, having a low mo- 
ment of inertia, permitting a lower torque 
—greater sensitivity, a reflected light beam 
doubling the angle of the coil reflection 
summed up greater accuracy. 

He also dwelt on the history of the me- 
chanical galvanometer, and the electronic 
pyrometer, along with slides. In conclusion, 
Dr. Fairchild demonstrated an Indicating 
Potentiometer Controller. 

Our Chairman, T. R. Newcomb, presented 
the revised draft of the constitution of the 
Instrument Society of America, and it was 
accepted unanimously by the members. He 
also mentioned the coming December elec- 
tion of new officers, and requested that all 
be present. —GEORGE HAMMER 





SOUTHWEST TEXAS 

The first meeting of the South Texas 
Instrument Society was held in the con- 
ference room of the Southern Alkali Corp. 
Corpus Christi. Lynch (S. A. C.) presided 
as temporary chairman. 

J. C. Leppart, on behalf of the Southern 
Alkali Corporation, extended a welcome to 
the group and stated that “the organiza- 
tion is certainly worthy of all the support 
which can be given it, and to rest assured 
that you have ours.” In praising instrumen- 
tation, Leppart cited a visit through a p!.nt 
in Baltimore, Maryland, where the inst'u- 
mentation was such that one man practi- 
cally operated the plant. He expresse: 4 
desire to visit again when the organ) ’a- 
tional stages have been ironed out and con 








GOTHAM INSTRUMENT CO. 


151 WOOSTER STREET 
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City, Society and Secretary Date Place Subject Speaker 
Atlanta, Georgia Society for Robert E. Geminert, | P.O. Blue Flame Room, - 
Georgia Measurement & Control Box 1714, Atlanta Atlanta Gas Light Co. 
Baltimore, Baltimore Industrial In- PF. Ragan, Fuel Div., Beth Engineers Club, 6 W. a 
srumentation Society Steel, Sparrows Pr., Payette St., Balto, 
Charleston, Charlesten Instru- M. B. Lorig, 1506 Virginia Jan. 74) Kanawha Hotel Combustion Control T. A. Cohen, 
W.Va. ment Society St., Charleston 1 Wheelco Co 
Feb. 4(4) Telemetering P. A. Borden, 
Bristol Co. 
Mar. 4(4) Boiler Control M. J. Boho, 
Hagan Corp. 
Apr. 1(4) Control Valves Bruce A. Irwin, 
Mason-Neilan Co. 
May 6‘4) Pneumatic Transmission W. B. Heinze, 
and Control Cochrane Corp. 
Chicago, : Chicago Section, A. J. Butler, ¢/o IHC, 2626 Jan. 7°®) (To be announced) Displacement Meters E. W. Jacobson, — 
Il, 1.8. A. W. 31st Bivd., Chicago Gulf Research 
Feb. 4) (To be announced) Instrumentation in (To be announced) 
Plant Design 
Mar. 4{®) (To be announced) Application of Valves C. E. Mason, 
in Automatic Control Bristol Co. 
Apr. 1(8) (To be announced) New Optical Tools J. W. Forrest, 
Bausch & Lomb 
May 6(®) (To be announced) New Electronic W. Mikelson, 
Measuring Instruments General Electric 
Cleveland, Cleveland Instrumentae A. J. McCullough, Minne- Jan. 23) Cleveland Engineering D. O. Komich 
hio tion Society y meg won coy 5005 Euclid Society, E. 19th St. off Trimount Instrument Co 
Ave., Cleveland Prospect Ave. cae 
Detroit, Instrument Society Cliff Sackett, Seale Eng’g 
Mich. of Detroit 12800 Oakland Ave. Det't ah 
Florence, Muscle Shoals Instru- J. W. Moffett, 323 
__ Alabama ment Society E. Mobile St., Florence ao. 
Fort Worth, Fort Worth Electronics eg Ely, 1116 E. Arlington, Texas Hotel, Fort Worth 
Texas Club Fert Worth a 
a Gulf Coast Section, C. D. Hoke, 2509 Lake Shore 
(Texas) I. 8. A. Dr., Port Arthur, Texas 
Hartford, Hartford Society for Gustave L. .. Make, ¢/o Veeder’ Dec. 18) Hotel Taft, New Haven Testing Electrical Fred W. Lingel » 
Conn. Measurement & Control Root, Sargent & Sts Parlor **B"’ Instruments Triplett Electrical Inst. Co 
Jan. 22) —_ Bond Hotel Practical Inspection of Dave Nemser, — 
Metals International Nickel Co. 
Feb. 19) —_ Bond Hotel Use of Air in Gaging R. Y. Moss, 
Sheffield Corp. 
Mar. 19) Bond Hotel Electron Microscope Dr. R. B. Sone, C. J. 
Burton, Amer. mid 
Apr. 16) Bond Hotel Comparison of Materials H. O. Richter, Wei ‘ 
for Gages Moore, Norton Co 
May 21) _— Bond Hotel (Annual Business Meeting) ae ' ae ; 
Kansas City, KC Industrial Instru- Gordon H. Burke, 1527 Broad- Dec. 18) Blue Bird Caf. Sound Film **Theory & Westinghouse Mfg. Co 
Missouri mentation Society way, Kansas City, Mo. Application of Elec. Inst.” 
ae California Instrument M. D. Pugh, $41 South Melody Lane, 
i Spring St., Les Angeles, Calif. _ Los Angeles = 
ees Society for Measurement Jan. 8°) Essex House Characteristics of Flow L. K. Spink, 





New Ores New Orleans 





H. S. Close, 831 Dixie Lane, 
Plainfeld, N. J. 





Instrument Society. 


W. H. Haney, 1016 Esplanade 
Ave., New Orleans, La. 


Dec. 17) 





St. Charles Hotel _ 


Me etering Equipment _ 


(To be announced) 


Foxboro Co. _ 






























































New = New York : Society for H. L. Hildenbrand, 206-07 Dec. 19) — Faculty Club Seven Basic Methods Donald P. Eckman, 
N. Y. Measurement & Control 33d Ave., Bayside, L.I., N.Y. 400 W. 117th St. of Flow Control Brown Inst. Company : 
N. Indiana Northern Indiana C. P. Haynes, Red River Oil Dec. 14°) Ultra Modern Dining Rm. What, at, Where, Why & Cos. Hovland, 
Section, I. 8. A. Refinery, 935 — 177th Place, Indianapolis Blvd., How of Draft L. W. Murphy Co. 
Hammond, Ind. E. Chicago, Ill. ? 
Jan. ?(8) Lake Hotel, 740 Wash- Application of D. Pray, Askania 
ington St., Gary Hydraulic Control Re gulator Co. 
Philadelphia, Philadelphia Society for G. E. Gress, c/o ATC, 34E. Dec. 192) Broadwood Hotel, Maintenance Problems Edward Grace, Albert 
‘a. Instrumentation Logan St., Philadelphia Broad & Wood Sts. in Refinery Inst’tion _—_—&Krrieg 
Pittsburgh, Pittsburgh Section, L. M. Susany, c/o Carnegie Dec. 17®) Roosevelt Hotel Diaphragm Motor Valves LL. E. Eige, , Fisher 
Pa. 1S.A. Institute, 4400 Forbes St. and Components _ Governor Co. 
Jan. 28°) Roosevelt Hotel Captured Gyro Inst’s wie Heit t 
- 25(B) R 1 tel Fractionating Column Lyman en, Jr. 
Feb. 25 oosevelt Ho nae r4 u p oomeny 2 econ 
Mar. 25‘) Roosevelt Hotel Inst. Maintenance in M. H. White, 
Oil nor gad on ag mes Ref. Co. 
Apr. 22(®) Roosevelt Hotel Control Valve Char- , ll, 
acteristics Mason-Neilan Co. 
May 27(®) Roosevelt Hotel Fractional H-p C, G. Veinott, | 
Electric Motors Westinghouse Elec. Co 
Se. Louis, St. Louis Society for Gus Holubeck, Unien Elec- DeSoto Hotel, ith 
at” _Mo. Instrumentation tric Co., Venice, Ill. ae Locust Sts. 7 as i: © 
Southwest South Texas Homer C. Givens, La Gloria 
_ Texas Instrument Society Corp., Falfurrias, Tex. _ eee 
Sarnia, “Ont. Sarnia Instrument K. Williamson, 168 Cobden 
Canada _ Association St., Sarnia, Ont., Can. a. a 
—— = Tennessee Section, C. F. Palmer, 2924 J. C. Kingsport Inn 
enn. I. 8. A. Hwy., Kingsport 
Toronto, Canadian Society for T.C. Agnew, Minneapolis- Chez Paree Restaurant, 
Ca Measurement & Control Honeywell Reg. Co. 220 Bloor St., W 
Washington, Instrument Society of W. A. Wildhack, rotons! Jan. 228) ~— All Souls Church, (To be announced) 
D.C. Washington Bureau of Standards Wash'a 16th & Harvard St. N.W _ 
Whiting, Whiting Instrument Lloyd Cleuse, 7344 — 
Indiana Men's Id Ave., Chicago 19, Illinois 7 
Wyandotte, Instrument Society of | Wilson Fox, 33 Chestnut Monsanto Auditorium, 
Mich. Wayne County -. Wyandotte, Mich. Trenton, Mich 





(A) Meeting at 7:30, no dinner 


(B) Dinner at 6:30, meeting at 8 








(C) Dinner at 7, meeting at 8 


(D) Meeting at 8, no dir “ef 
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remarks by wishing the organi- 
tay cess. 
att the introductions, at which time 
se n stated his name and the firm 
m he was associated, Lynch briefly 
the purpose of the organization 
ight out that it was open to all 
om in Instrumentation. 
6: Pratt (Gasoline Plant Construc- 
is elected temporary president to 
r the remainder of the year and 
ficers were appointed as follows: 
‘ 4: Homer C. Givens (La Gloria 
arp.) Treasurer: V. J. Brunson (Sinclair 
Refs ‘o.) ; Executive Committee: H. P. 
Cheatham (Southwestern Oil and Refg.) ; 
w. A. Rock (Foxboro Co.), J. B. Young 
La Gloria Corp.). Program Committee: 
1, J. Lynch (Southern Alkali Corp), W. 
4. Rock (Foxboro Co.), J. P. Nielson 
I loria Corp.) and Louis Needhan 
Public School System of Corpus Christi). 
South Texas Instrument Society” Was 
the name unanimously chosen and the sec- 
md Tuesday of each month was decided 
sg the regular meeting date. It was also 
vided that the responsibility of choosing 
rogram, date, time, etc., was to be 
in the hands of the Program Commit- 
te, who would inform the Secretary of 
eir decisions and he in turn would notify 
the nbers. 
The meeting adjourned at 10 p.m. after 
the group expressed their appreciation to 
Lynch and Bates (Humble Oil) for their 
ts in getting the organization started 
1 after it was decided to pass the by- 
laws at the next meeting. 
—H. C. GIveNs, Secretary 
WASHINGTON 
At the November meeting of the Instru- 
ment Society of Washington, held on Nov. 
in the Interior Department Auditorium, 
lvin G. MeNish of the Department of 
Terrestrial Magnetism of the Carnegie In- 
titution of Washington, discussed the “De- 
ign and Testing of Precision Magnetic 
mpasses.” A number of compasses de- 
veloped during the war by a group under 
lirection were displayed. A film on the 
Gyrosyn Compass was shown through the 
tesy of the Sperry Gyroscope Company. 
Short reports were presented on the ac- 
ns taken at the ISA meeting and on the 
nference held in Pittsburgh in October. 
-W. A, WILDHACK, Corresponding Secretary 





WYANDOTTE 
The Instrument Society of Wayne County 
net November 26 at the Monsanto Plant, 
in Trenton, at which time a condensed War 
Training Course on Electrical Measuring 
Intruments was presented by Teetsell and 
Ross (Westinghouse Central Division). 
Sides and recordings were used and added 
much interest to the well-attended meeting. 
At the conclusion of the meeting one of 
r visitors, a discharged aviation instru- 
ment man, gave us the pleasure of seeing 
me salvaged German aviation instru- 
ments.—JOHN MACPHERSON, Vice President 





mm >" eR 


‘NOW! For Accurate Pressure-Time-Curve Measurements 

























Ingenious New 
Technical Methods 
To Help You with Your Reconversion 
Problems 


New Precision Built Roto Center 
Eliminates Chatter... Speeds Production! 


Now You Can replace dead centers on lathe and 
grinder tailstocks, with this new Keene live Roto 
Center—to increase production—to eliminate all 
radial play and possibility of chatter! Low in 
cost, the Roto Center is a high capacity unit, 
featuring many innovations to speed and improve 
quality of work! 


Matched roller bearings preloaded, are packed 
with high grade anti-friction grease at assembly. The Keene Roto Center 
No attention is required for long periods. After 
assembly, runout is kept to absolute minimum— 
guaranteed less than .0002. Rear of center is 
tapped to receive standard hydraulic fitting. 
Chips, dust and cutting oil cannot reach bearings! 





More and more peacetime “helps on the job” 
are returning to industry. One of these days, fa- 
mous, flavorful W rigley’s Spearmint Gum willalso 
be back to help you ‘“‘on the job”’—but only when 
we can assure Wrigley’s Spearmint manufacture 
in quantity and quality for all. Today, we ask you 
to remember the famous Wrigley’s Spearmint 
wrapper. Tomorrow, you may again enjoy 
Wrigley’s Spearmint Gum quality and flavor while 
you are at work. 





You can get complete information from Remember this wrapper 
Keene Electrical Machinery Co., 549 W. Washington Bled. 
: ; 
Chicago 6, Ill. 7-94 


Indicates accurately in linear response, on scree of cathode ray oscillograph, 
the pressure-time-curve of any internal combustion engine, pump, airline, or 
other pressure system where pressure measurements are desired. Covers wide range 
of engine speeds and pressures up to 10,000 p.s.i. Screws into cylinder and can 
be calibrated using static pressures. Vibration-proof. Accurate, dependable for 
engine tests. 


SIMPLE OPERATION—-ONLY ONE CONTROL 


In operation the pick-up section (enlarged at left) is inserted in cylinder, 
chamber of airline, etc. Pick-up has temperature compensation for all normal 
operating conditions. Successfully used for tests of injection pumps, diesel and 
automotive engines, explosives, oil pumps and air compressors 


For details address manufacturer 


LgEGLE Products Laboratories 


549 W. RANDOLPH ST., CHICAGO 6, ILLINOIS Phone STAte 7444 
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Manutacturers’ 


New Literature 





In this department we report new literature pertaining to Instrumentation, received from the 
manufacturers. We urge readers to request ONLY those bulletins which will be of value to 


them. Use the coupon on page 949. 





M-309 Dials, Panels and Nameplates. 
8-page 814” 11” Bulletin 8145 de- 
scribes and illustrates maker's facilities 
for manufacturing a variety of metal 
products, many of which are illustrated, 
including dials, data plates, nameplates, 


and panels for instruments and electric 
and electronic equipment, produced by 


and colorplating. 
Inc., 379 Union 


lithography, etching 
L. F. Grammes & Sons, 
St., Allentown, Pa. 

M-310 Cohesion Tester. 4-page 6” xX 
bulletin describes and diagrams the 
Duplan cohesion tester for the testing of 


q” 


rayon and raw silk. Complete instruc- 
tions are given for operating and an 
illustrated cohesion report of results is 
duplicated. This machine will test the 


effectiveness of theslashing solution or 
Rayon by testing the cohesion of the 
sizes viscose and acetate before the 
warp reaches the loom and will also 
record whether raw silk has the neces- 
cohesion for good performance as 
warp material. Geier and Bluhm, Inc., 
Troy, N. Y. 

M-311 Hydraulic 
Single-sheet 8%” x 
scribes and _ pictures 
hydraulic-pressure gage. Claimed fea- 
ur of the valve are accuracy with 


tempered precision springs, self-sealing 
: | 


sary 


Pressure Gages. 
11” bulletin de- 


the piston-type 


es 


packing, pulsation damping piston, lumi- 
nescent scale figures and pointer, etc. 






Mar ld & Green, 4601 Euclid Ave., 
Cleveland 3, Ohio. 
M-312 Students’ Potentiometer and 


Accessories, 16-page 8%” xX 11” Catalog 
N 50B(1) is for teachers and techni- 
ho are selecting scientific equip- 
their classrooms and 
meet the next few years’ 
for teaching, the in- 
the potentiometer 
plest form. The cata- 
construction features 
its additional low 
r use with thermocouples; its 
r ; and end coils for Wheat- 
applications. Illustrated, 
i listed separate pages 
used withthis instru- 
most general applica- 
tions: voltmeter and ammeter calibra- 
PH and electrolytic 
ments. A brief de- 
scription of the potentiometer principle 
Leeds and Northrup Co., 
Philadelphia 44, Pa. 
) Gage Blocks and Accessories. 
6-page 8%” x 11” Catalog No. 17 pic- 
tures and describes three basic uses of 
as master laboratory stand- 
ntrol of measurements in pre- 
cision manufacturing operations; as 


ans W 


r nt to prepare 





nd simple lesign 


on 


+} P ¢ ries 


tion temperature 


neasure 


gage blocks 


is Oo ce 


actual working instruments of measure- 
ments in tool room and design work and 
for the adjustment of production machin- 
ery; and for periodic checking of inspec- 
tion gages at the benches. Many sets of 
blocks are shown, described and priced 


and numerous applications are pictured. 
Complete instructions are also given for 
care and handling of blocks. Ford Motor 
Co., Johansson Div., Dearborn, Mich. 


Page 946—Instruments—Vol. 18 


M-314 Nomograph for Steam. 1-page 
11” X17” nomograph for determining 
correct rotameter size for steam measure- 
ment is a valuable guide to rotameter se- 
lection. Fischer & Porter Co., 923 South 
County Line Road, Hatboro, Pa. 

M-315 Open Channel Meters. 12-page 
8%” X 11” Bulletin No. 62 features open 
channel meters for sewage, industrial 
waste, sludge, water supply and irriga- 
tion and liquids with solids in suspen- 
sion. Meters described are of both direct 
mechanical and electric telemetering 
types. A wide selection of registers is 
illustrated. Alternate methods of mount- 
ing registers on wall, panel and pedestal 
are shown. All types of registers are 
said to be suitable for use with flumes, 
weirs and atmospheric discharge nozzles. 
3ailey Meter Co., Cleveland 10, Ohio. 

M-316 Feed Water Regulators. 8-pazge 
8%” X11” Bulletin No. 83-C entitled 
“Bailey Thermo-Hydraulic Feed Water 
tegulators” describes and illustrates im- 
proved designs of thermo-hydraulic gen- 
erators and bellows-operated feed water 
regulator valves, suitable for feed lines 
from %” to 6”. A full-page colored sche- 
matic illustration demonstrates the 
thermo-hydraulic principle. Bailey Meter 
Co., 1050 Ivanhoe Rd., Cleveland 10, Ohio. 


M-317 “Electronic, Pneumatic, Mechan- 
ical Instrumentation.” 32-page 814” « 11” 
July-August issue of this house organ 
(designated as Vol. 1, No. 5) contains the 
following articles: (1) New open hearth 
furnace at Homestead, Pa.; (2) Aviation 
advancements speeded by ElectroniK in- 
struments at Wright Field, (3) Industrial 
use of radiation pyrometers under non- 
blackbody conditions, (4) Spectrophoto- 
metric automatic chemical analysis, (5) 
Open-hearth furnace pressure control 
system, (6) Instrumentation in contact 
sulphuric acid plants, (7) Temperature 
control of pickling tanks, (8) Tempera- 
ture control systems for dual fired gal- 
vanizing kettles, (9) Temperature con- 
trol of traveling plate ovens, (10) The 
absolute pressure gage, (11) Instrumen- 
tation of sausage manufacture, (12) 
“Tuning” a pneumatic control to the 
process. The Brown Instrument Co., 
Wayne and Roberts Aves., Philadelphia 
44, Pa, 


M-318 “Instrument Manufacturing and 
Service Facilities.” 18-page 6” k 9” book- 
let describes, for both old clients and 
prospective new ones, the complete facili- 
ties now available for manufacturing and 
repair service. The shop is described as 


being well-equipped with a diversified 
group of machine tools, used by men 
who know them well and can develop 


and manufacture special-purpose electri- 
cal and mechanical instruments or their 
component parts, and custom-built lab- 
oratory apparatus and testing equipment. 
Nilsson Electrical Laboratory, Inc., 103 
Lafayette St., New York 13, N. Y 


M-319 Measurement of Resistance to 
Earth of Man-made Grounds, 8-page 8%” 
x 11” Bulletin 104 describes ground re- 
sistance testing and relates how prob- 
lems of conditions generally encountered 
are dealt with. The “Vibroground” was 


developed for the purpose and 
dependable measurements irresp 
earth resistance of auxiliary 
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ubri 
56-G 


















leads. It is unaffected by stray _ 

currents from d-c. or commer fy M- “The 
quency a-c. sources. Associated I : unce 16-] 
Inc., 221 S. Green St., Chicago 7 Bis | e oF 
mr forms 

M-320 “Uses Unlimited.” 2-p a <et. 
x 11” issue of this house orgar . = variot 
nated as Vol. 1, No. 3) devoted 7 iding 
switch gaging, features an ollie 0 es m 
article: “The mica gage accurat« 4 tat glass 
3600 pieces per hour.” Illustr4 4 eleme! 
are various practical uses of th lle clk ting; 
switch, such as double-action fi : Sani hot-\ 
ble-thickness detector, film notcl ty ame! in ge 
positioning safety switch, tens . tic’ r 
trol, bimetal thermostat, sortir onto timer 
sequence timer, weight control tale) mil.; Lind 
clad foot switch, etc. Micro Swit: e Bu rell wr 
port, Il. ws to hold up 
‘ : ina] SUPDPly Ci 

M-321 “Rotary Kiln Operation |p w ) Pa 
proved Through Instrumentation.” » 3 : st 
page 8144” X 11” Catalog N-00-664 (1) pram M-32' “Seedb 
sents a complete line of instrum: nts ;qMe” ” cata 
measuring or controlling vari ila’ lete li 
temperatures, for automatically ntrofamgmong the mi 
ling draft and for continuously isunpenlit electr 
ing kiln speed. Applied singly or n ing t 
bination, these instruments aré dt nd pro 


output, c low 
reduce furs st 


provide uniformity of 
temperature swings, 


etables, che 


pounds 


and protect kiln linings; and to t mf offici 
cable to any rotary kiln. A two-pagmsters and acc 
schematic diagram of a _ typi: kil st mete: 
shows the various points to which instr ter for gro 


mentation is being applied. Nu 
pictures of the equipment in act 
eration are also shown. Leeds & Northr 


Co., 4934 Stenton Ave., Philadely { 
Pa. ’ 
M-322 “Magni-Ray.” 4-page 81>” < 11#q, 


bulletin describes and pictures an instru 
ment for enlarging any object in er 
detail, in true perspective, under light s 
intense that it is in itself practic: 


tu tester 


furnaces; g 


dt inces; 


d indust 
» Equiy 
‘hicago 
28) Foldin 
14” X 6” 
the “Tw 
cular r 
es lenses 


effective as another degree of magnifi hi io aan 
cation. Sketches of application are Ee ; Fs 
for the machinist, toolmaker, gur “ . x ©. 
engraver, dentist, etc. Magnifier m — N ¥ 
be used for textile, machine produ spiibuindacs > Po 

plastic inspection and for many othe™™M-329 Dime 
uses in factory, shop and home. Georg ilmer. 24-pag 
Scherr Co., Inc., 200 Lafayette St., Neggfibes a simp] 
York 12; N.Y. tistical qual 


sed on the msg 


M-323 “Electrical Testing Made Pasy: 
8-page 31%” X 6” folder describes and | 
tures an all-purpose electric circuit teste 
for indicating voltages from 90 vol 


is I 


th 


und 60 volts a.c. to 500 volts a.c. 
It is especially valuable for the 
voltages, and also for circuits of : 


low amperages. The G-E neon lamp 
in varying intensities indicating dif 


conditions in the circuit, and do 
glow on dead lines. Immediate vis me -33( 
dication is given of circuit continuit Be 


Method 


reaching o 


ercentage. 
ds of filliz 
from the 


plan is saic 


te 


the sma 


tral Produ 
bvidence, R. 


) Bore |] 
6” x 9” B 


kind of current, approximate v: c@m describes 
electrical discharges, etc. Amerline, 175gpection tele: 
North Honore St., Chicago, Ill. iment is sui 
M-324 “The Amazing Electron.” }4 6 ‘an 
page 51%” * 81%” booklet is intended t h chuneiterts 
bring within the grasp of everyone tl AT a, >t} f 
basic facts about electronics. The co aa pa 
ings are: Something abouvt atoms oly laden ia 
electronics is; What makes elect! _ Wabiergmerte 
rent flow; Thompson discovered ele‘ publication. 
The laws of the electrons; What a! : 
tron tube is; What electron tubes d Age-331 06 Two- 
tubes have these things in common: ThagPh. 4-page 
source; The Edison effect; Enter the @! ures and d 
The terminals; Radio tubes; Electr " two-mete 
netic waves; How your radio works P new inst 
modulation is; A-M; What is F-M Mm 36,600 line 
tronics is at war; Television; The « ines, an un 
tube; The receiver tube; X-ray t - mafe P 
Electron gun; The phototube; El . dispersi: 
on the swing shift; and Here’s the t bulky, long 
word. Electronic Corp. of America W vides a 2 
18th St., New York 11, N. Y. rik lb 
M-325 Lubricant for Precision *U™%@j, . “Eng 
faces. 6-page 31%” xX 7” folder des ht of X-ray 
the properties of “Gage Lube” as in , : reprin 
ing gage life by 3 to 10 times; as "aMler pictures 
non-gumming, non-loading, pract 3 Calaetee 
dimensionless, rust-inhibiting, for matie feeet 


Also des 





all precision surfaces. 








tu 


BA DLE 


st 


M- 


nbers of this family of “elec- 
ubricants.” Protective Coating, 
56-GL, Detroit 27, Mich. 
“The Burrell Technical An- 
16-page 714%” X 8%” issue of 
organ features an article on 
forms of sulphur in the indus- 
ket. Illustrated and described 
various Burrell technical prod- 
iding: “Glas-Col” electric heat- 
es made of heat and corrosion 
glass cloth into which Nichrome 
elements are woven, used for 
ting; “Tru-Vac” vacuum gage, 
hot-wire principle; new devel- 
in gas analysis apparatus; the 
tic’ reagent dispenser; a new 
timer adjustable for 4 min. to 
Lindberg laboratory furnaces; 
ell wrist action shaker in three 
10old up to 16 flasks. Burrell Tech- 
ply Co., 1936-42 5th Ave., Pitts- 
, Pa. 
“Seedburo Equipment.” 112-page 
” eatalog pictures and describes 
jlete line of Seedburo equipment. 
the many items listed are the 
electronic moisture tester for 
iing the moisture content of 
nd processed grains, dehydrated 
es, chemicals, nuts, plastic mold- 
pounds, resins, and other special 
official Brown-Duvel moisture 
ind accessories; Tag-Heppenstall 
meter; Carter-Simon moisture 
for ground products; Brabender 
tester; forced draft ovens; elec- 
naces; grain thermometers; scales 
inces; and many other items of 
d industrial laboratory equipment. 
» Equipment Co., 223 W. Jackson 
‘hicago 6, Ill. 


28 Folding Binocular Magnifier. 6- 


146” xX 6” folder pictures and de- 


s the “Twin-Reader” compact fold- 
nocular magnifier. This instrument 
ires lenses of optical glass and is 


for many kinds of close work. 
in power from 2 d. to 7 d. are 


silable. N. L. Huebsch, 81 Yale St., East 
1 Y. 


n, N. 


329 Dimensional Quality Control 


mer. 24-page 5146” X 8%” booklet de- 
bes a simplified method for applying 
tical quality control to dimensions, 


| 


sed 


n the mathematical laws of proba- 
Method warns when digressions 


treaching or have reached a danger- 


Ss Dé 


t 
th 


reentage. Examples and suggested 


ds of filling out work sheets (avail- 
le from the manufacturer) are given. 


lan is said to be adaptable as read- 


en 
pi 


to the small plant as to the large. 


deral 


Products Corp., 1144 Eddy St., 


bvidence, R. I. 


{-330 Bore Inspection Telescopes, 12- 


e ft 


"x 9” Bulletin No. 4400, pictures 


i describes the Gurley line of bore 
pection telescopes. The standard in- 
ent is suitable for bores of 37 mm. 


m 
a} 
Md 


Bt 
tS 


rger in diameter. It is made in 
ft. long, and may be provided 


th extensions, each 6 ft. long, up to a 
al length of 24 ft. Complete instruc- 


us 


ft 
I 


(rr use and care of the instrument 


icluded and a list of parts completes 


iblication. W. & L. E. Gurley, Troy, 


31 Two-meter Grating Spectro- 


4-page 8%” X11” catalog insert 


res and describes the Dietert No. 


wo-meter grating spectrograph. 
ew instrument can be supplied 
1,600 lines/in. or 91,500 total grat- 
S$, an unwsually fine ruling. This it 
made possible the production of 
dispersion unit without resorting 
Iky, long focal length. A 24” cam- 
vides a 20” spectrogram on 35-mm. 
m film. Harry W. Dietert Co., 9330 
vn Ave., Detroit 4, Mich. 
“Engineering-design Develop- 
of X-ray Spectrometer.” 12-page 
reprint of an article by J. S. 
pictures and describes the Norelco 


r-Counter X-ray spectrometer for 


tie recording and traces its de- 











j_ Cuan & Caste Co., Inc. has acquired the 


business of the Certified Gauge & Instrument Corp. 


The Certified pressure gage, which has proved to be so 
revolutionary because of the Helicoid movement, will here 
after be manufactured by American Chain & Cable. For 
the sake of clarity, this precision instrument will be known 


as the Helicoid Gage. 





The Helicoid movement is used 

exclusively in Helicoid Gages 
The outstanding performance of the Helicoid Gage will be 
even further improved by the engineering ability and experi- 


ence of American Chain & Cable. 


If you are not now using Helicoid 
Gages and if you desire to reduce 
your gage maintenance cost, order 


them the next time. 


See your nearest Distributor. 





a 34-18 Northern Boulevard, Long Island City 1, N. Y. * Bridgeport, Conn. 








In Business for Your Safety 
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velopment. The author discusses: x-ray 
diffraction principles, new instrument 
requirements, X-ray source, pulse condi- 


tioning, frequency meter circuit, counting 


meter circuit, indicators and controls, 
and applications. North American Philips 
Co., Inc., 100 E, 42nd St., New York, N. Y. 

M-333 Rotameter Insert for Measuring 
Large Flows. Two 814%” X11” catalog 
sheets, designated Bulletin Nos. 82-A and 
83-A, picture and describe the new “Rota- 


sleeve” insert for rotameter area type 
meters for measuring large flows. The 
“Rotasleeve” is a metal sleeve which fits 
into standard pipe tees from sizes 3” and 
upwards, is made for direct and remote 
reading in recording and recording-con- 
trolling types. Fischer & Porter Co., 
93607P County Line Rd., Hatboro, Pa. 


M-334 “The General Radio Experi- 
menter.” 12-page 6” x 9” July and Au- 
gust issue of this house organ features 


a heterodyne frequency meter for 10 to 
3,000 megacycles. Part 1 of the article 
entitled, “How Humidity Affects Insula- 
tion,” concerning d-c. phenomena, com- 
pletes the issue. General Radio Co., 275 
Massachusetts Ave., Cambridge 39, Mass. 

M-335 Seales and Balances. 36-page 
8%” x 11” Catalog No. 643 pictures and 
describes an extensive line of scales. 
Designated a transition catalog, it lists 
standard scales and scales which were 
converted to meet wartime requirements. 
In addition to a complete scale for every 
commercial requirement, and computing 
seales, catalog shows pharmaceutical 
scales and portable balances. Detecto 
Scales, Inc., Division of the Jacobs Bros. 
Co., 1 Main St., Brooklyn, N. Y. 

M-336 “C-D Capacitor.” 16-page 5%” X 
7%” June 1945 issue of this house organ 
features an article describing a vacuum- 
tube voltmeter. Circuit diagrams of 
the voltmeter and its power supply are 
shown. “Tracing Radio Noise,” a discus- 
sion of the location of internal receiver 
noises, is illustrated with diagrams and 
suggests remedies. Cornell-Dubilier Elec- 
tric Corp., Hamilton Blvd., South Plain- 
field, N. J. 

M-337 Dial Light Sockets, 16-page 
81%” x 11” Catalog No. 101 pictures and 
describes dial light sockets for radio re- 


a-c, 


ceivers and transmitters, test instru- 
ments and electrical equipment. More 
than 100 types with metal or plastic 


shells are shown, and dimensional draw- 
ings of various mounting bracket ar- 
rangements are shown. Lenz Electric 
Mfg. Co., 1751 N. Western Ave., Chicago 
47, Ill. 

M-338 Automatic Voltage Regulators. 
8-page 8%” X11” Bulletin No. 164 pic- 
tures and describes the Seco line of au- 
tomatic voltage regulators for line volt- 





age control. Twenty-one types are avail- 
able with input voltages ranging from 
95-135 v. to 380-500 v. and regulated out- 
put voltages of 115 v. to 440 v. Refine- 
ments give a more compact and sensi- 
tive regulator. The speed of the thyra- 
tron tube control circuit has been in- 
creased to insure faster correction of 
line voltage fluctuations. Some models 
are now provided with a rapid-trip mag- 
netic circuit breaker for overload pro- 
tection and also as an on-off switch. 
Superior Electric Co., Bristol, Conn. 
M-339 “The Ohmite News.” 2-page 814” 
x11” August 1945 issue of this house 
organ features a biography of John Am- 
brose Fleming, who recently passed away 
at the age of 95. More than anyone else, 
Fleming was responsible for the marvels 


of the “electronic age,” his name being 
associated with Maxwell, Marconi and 
Sir Oliver Lodge. To Fleming goes the 


distinction of recognizing the potential- 
ities of the Edison Effect—the applica- 
tion of the two-element thermionic valve 
as a detector of wireless waves. Ohmite 
Mfg. Co., 4835-41 Flournoy St., Chicago 
44, Ill. 


M-340 “DuMont Oscillographer.” 4- 
page 6” <x 9” issue of this house organ, 
designated Vol. 7, No. 2, describes with 
diagrams and oscillograms the cathode- 
ray Q-meter, features the application of 
the cathode-ray oscillograph in measur- 
ing logarithmic decrement and Q. This 
method of plotting damped oscillations 
as fixed images on the cathode-ray tube 
has both electrical and mechanical sig- 
nificance. Allen B. DuMont Laboratories, 
Inc., 2 Main Ave., Passaic, N. J. 


M-341 Automatic Control Equipment. 
24-page 81%” x 11” Catalog V 1 pictures 
and describes with dimensional drawings 
a line of automatic control equipment 
for fluid systems. Listed are diaphragm 
control valves, pressure reducing and re- 
lief valves, and back pressure relief 
valves. Tables of working pressure data 
for valve bodies are given. Hammel-Dahl 


Co., 243 Richmond St., Providence 3, R. I. 
M-312 Marker Receiver for Aircraft. 


4-page 8%” X11” bulletin pictures and 
describes the type MN-53-A and MN-55-A 
75 megacycle marker receiver for air- 
craft. A new type of marker receiver, it 
is said to offer to the aviation industry 
more stable indicator lamp operation un- 
der varying conditions of supply voltage, 
temperature and humidity. Bendix Radio 
Division, Bendix Aviation Corp., Balti- 
more 4, Md. 

M-343 Running Time Recorders. 6-page 
8%” X11” Bulletin OP1502 pictures and 
describes the Bristol running time re- 
corders for machines, pumps, presses and 
similar equipment. These instruments 


The ONLY handbook of its kind 


MAINTENANCE AND SERVICING 
OF ELECTRICAL INSTRUMENTS 


By JAMES SPENCER, in charge of Instrument and Relay Dep't, 
Westinghouse Elec. # Mfg. Co., Newark, N. J. 


Reprints available 
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INSTRUMENTS PUBLISHING Co. 

1117 Wolfendale St., Pittsburgh 12, Pa. 
Enclosed is $ awe 
copies of Maintenance and Servicing of 
Electrical Instruments (at $2.00 each). 
Name 
a [=n 
Sate AR 
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HOULD be of great value to all those 
whose problem is to keep in operation 
the electrical instruments on vital produc- 
tion equipment. 


Cloth, xii + 256 pages, 5 X 8% inches, 
274 illustrations. 


Price, $2.00 postpaid 


Check, money order or cash must accompany order. 


record on 





“on” 


times of production machinery a 


similar 


equipment, 
at which they 


well as 
occurred. They a 


able with 8” or 12” charts in m 


24, 115 
Bristol Co., 


M-344 


or 230 v., 60-cycle 
Waterbury 91, Conn 


Timing 


curry 


Instruments, 


8144” X 11” bulletin pictures and 
a line of timing instruments for 


purposes. 


Listed 


several tir 


the stop-watch type, some with t 
feature, and two-hand tachomets« 
continuous-indicating type. A. R 


Meylan, 
N. . 
M-345 
page 
house 
cles, 
ples 


264 W. St., 


1945 
number 
“New Standa 
Now 


among 
of Hydrocarbons 


New 


“Aminco Laboratory Ne». 
S464" X 11° Juiy 
organ contains 


issue 


AV 


“Smoothness of Metallic Surfaces 


mined by Plastic Replicas,” 
eras Take 8000 Pictures per Secor 


article entitled “New Use Discov: 


X-rays,” 


discusses 


new dis 


whereby x-rays and other radiat 


used to 


alter the 


elastic const: 


chemical properties of quartz ar 
crystalline substances employed 
and radar, so that oscillator plates eg 


be 


adjusted rapidly and easily 


sired frequency with a precision 


impossible. 
8030-8050 
Md. 


M-346 


Georgia 


Silver 


Circular Levels, 4-page 


644” folder pictures and describ 


of circular levels for industrial 
applications. 


oratory 


Mounted 


“New 


ar 


t 


Instrument 
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th 


th 
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la 


mounted models are shown, and mou 


ings may be 
specifications. 


designed to 
Ground or plain 


the 


) 


tub 


buyell 


spirit level vials are also available fr: 


the manufacturer. 


Troy, N. Y. 
M-347 


Geier & Bluhm, 


In 
ti 


Dynamotors, Converters, etc. § 


page 8%” X 11” Bulletin No. 445 pictu 


and describes 
power supplies including dynamot 
equipment; 
radio-amplifiers 


all mobile 
for 2-way 


of rotary 


] + 


rs f 


genem: 


+ 


KF 


and small aircraft communications; M 


motors, 


dress and 


for portable communications powe 


permanent magnet 
generators for amplifiers, police rs 
ceivers, small aircraft transmitters 
able life saving devices; d-c. to 
verters for amplifiers, radio, 
hand gener 


field 


a- 
public 


ate 


r 






Ss 


+ 
+ 


plies at sea, in the fleld, etc. Carter Mg 
Ave., Chicag 


tor Co., 1608 Milwaukee 


Tl. 
M-348 


Indicating Instruments, 


12-page 


catalog presents a line of glass-t 


hermetically-sealed 
instruments in 2%” and 31%” size 
plete details of the 
are given, tests to which the instru 


electrical 


method of 


were subjected are reported, and 


struments 
Electrical 
N. H. 
M-349 
page 


electric 


the 
phase, 


Ce: 


Electrical 
814” x 11” 
and describes the Niagara 
analyzer for 
The instrument, ho 
has facilities for 
measurements in 
or 3-phase current 
peres 0-300, volts 0-600, watts 0-3! 
to 240,000. Niagara Electrical Inst 


power 
measurement. 

earrying case, 
following 
2-phase 


listed. 


sheet 


a-c 


dual-p 


Mari 


Co., 204-210 Franklin St., Buffalo 2 
M-350 Anti-capacity Switches. 


11” catalog sheet pictures and de 


anti-capacity switches for various 
Available in 4 spring d-p. s-t., 6 
d-p. d-t., and 12 spring 4-p. d-t. 


they are supplied with a highly p: 
nickel-plated bronze face. Springs 
phosphor bronze, silver-plated. Ca 


rangement is of the roller type. F 


Anti-Capacity Switch Corp., 1200 N 
St., Buffalo, N. Y. 
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Power Analyzer. 
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M | Hydraulic Pressure Controls, 8- 
e 4” x 61%4” folder pictures and de- 
; a line of hydraulic pressure con- 
| egulators and valves. Included are 
n»ressure regulators in 6 standard ranges 
trom 0 to 2000 lbs. for pipe sizes from 
Y 2”; pressure reducing valves from 
to 1000 1bs.; a feed control and decelera- 

ilve with graduated setting dial; 
len oid-pilot-operated 2-, 3- and 4-way 
lves} sequence valves which provide 
sive control of several machine 
functions. Vineo Corp., 8855 Schaefer 
yighway, Detroit 27, Mich. 


M-152 “The Visco Meter.” 12-page 614” 

.9” booklet pictures and describes an 
nstrument for indicating viscosity of 
ating oil in engine crankcases. It is 
made in a number of models for different 
yypes of applications, and each is pre-set 
the factory for its specific application. 
the reading is continuous, changing in- 
stantly as the viscosity of the oil changes 
with engine temperature. Visco-Meter 
corp., 315 Grote St., Buffalo, N. Y. 


M-353 “Micro Topics.” 8-page 81%” x 
11” August-September issue of this house 
rgan contains a number of items of in- 
terest to the radio and sound fields. Uni- 
versal Microphone Co., Inglewood, Calif. 











M-354 Beat Frequency Generator. 20- 

page 8%” X11” booklet gives instruc- 
tions for the manufacturer's “Type 140-A” 
peat frequency generator. Specifications, 
installation, operation and maintenance 
are all covered. Circuit diagrams and a 
jescription of the “Type 144-B” output 
init, designed to match the output of the 
140-A” to a 72-ohm external resistance, 
e also included. Boonton Radio Corp., 
Boonton, N. J. 


M-355 Abraser Test for Potential Wear. 

page 8%” X11” booklet describes the 
abraser test as revealing exactly the in- 
formation wanted about surface wear 
jue to rubbing abrasion. Shown also are 
, few typical examples of material— 
pints, lacquers, plastics, rubber and 
synthetic materials, leather, linoleum, 
and textiles—whose wear factor can be 
readily determined. Taber Instrument 
‘orp., North Tonawanda, N. Y. 


M-356 Temperature Compensation 
Units. Single-page 8%” X 11” bulletin pic- 
tures and describes maker's line of 
thermal resistors and their advantages, 
behavior and efficiency. These resistors 
are said to be extensively used for tem- 
perature compensation, temperature 
measurement and control, time delay and 
ther applications. Keystone Carbon Co. 
Inc., St. Marys, Pa. 





M-357 Oil Viscosity Indicator. 4-page 
$4” % 11” folder describes the operation 
and purpose of the ‘“‘Viscometer,” a con- 
tinuous oil viscosity indicator, together 
with instructions for maintenance. Visco- 
Meter Corp., 315 Grote St., Buffalo, N. Y. 


M-358 “CD Capacitor.” 16-page 5” xX 8” 
mJuly 1945 issue (designated Vol. 10, No. 
w) of this house organ features article 
lescribing the construction of simple sig- 
nal tracer, incorporating an electronic 
voltmeter, for those who were not fortu- 
hate enough to obtain elaborate signal 
tracers. Article points out that those who 
0 own other types of tracers will find 
this simple signal tracer advantageous 
and interesting. Cornell-Dubilier Electric 
Corp., Hamilton Blvd., So. Plainfield, N. J. 


wy 6«M-359 “The Invisible World and Other 
m tories,” 20-page 6” * 9” Pamphlet No. 
SES-2962 tells of General Electric Com- 
dany’s history, research activities, and 
ontributions to American progress. This 
llustrated pamphlet is one of a series 
Bublished by this manufacturer. Others 
Nn the series are: “The Story of Stein- 
netz,” “Story of G-E Research” and 
Story of Lightning.” General Electric 
‘0, Dept. 6-318, Schenectady 5, N. Y. 


_ M-360 Electrical Indicators. 4-page 
%”x% 10%” folder pictures and. de- 
‘ribes maker's 1.5” “Type OD" commer- 
gal d-c. milliammeter, 2.5” “Type DA” 
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bagi Gaging Jets 
: Automatically Actual 
Centralized Size 
in the Hole 






A NEW System That - L. 


meets certain precision requirements better than any other method = 





of gaging. It includes many advantages heretofore not available_ 








in gages using air as a measuring medium. 





This Federal Metricator Gage System reduces human influence 





to a higher degree than any other method; it locates the gaging 
head precisely. It has extremely high magnification. * The scale 
measures direct as well as compares dimensions. * Therefore, 





: aeats : Gaging Jets Automatically Located 
practical for selective inspection and Quality Control. * Only Perpendicular to Axis of the Hole 


one master required. * Plugs are interchangeable without chang- 
ing scale. * Tolerance maintained regardless of plug wear. 
Several dimensions can be gaged simultaneously. 






Rugged, fast and simplest to install. Write for details to 


FEDERAL PRODUCTS CORPORATION 
1144 EDDY STREET PROVIDENCE 1,R. 1. 


a © pMinnea M 
nd, O. « Mony, 
“St. Loun ¢ $8n Fran 
AIR in ° 
FEDERAL  *!s*s0 <7 
i ee one on, Bom ce ace a 


PRECISION MEASURING INSTRUMENTS 




















TO PREVENT WASTE AND AID THE RECONVERSION EFFORT 

(1) Request ONLY the literature that will aid you in your work. 

(2) Paste the coupon on a government postal card addressed to Instruments, 
taking care to make all four edges stick. 
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Instruments, 1117 Wolfendale St., Pittsburgh 12, Pa. (December 1945) 
Please have the following catalogs, etc., reviewed in this issue sent to me. 
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I also desire further information concerning the following new products described in 
this month’s “New Instruments” Department................ 0.0000 ccc ccc ceceee = 
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2 this issue (Write page number and name of company) 
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commercial a-c. voltmeter, 2.5” “Type 
G-1” aircraft d-c. ammeter; and repro- 
duces a letter, pertaining to these instru- 
ments, from the Army Air Forces Air 
Technical Service Command. Roller-Smith 
Co., Bethlehem, Pa. 

M-361 Rotary Solenoid. 8-page 6” x 9” 
booklet, designated as Form No. 101-9-45, 
pictures and describes the ““Ledex” rotary 
solenoid powered by d.c. and applicable 
to numerous remote controls and special 
power units on airplane, automobile, 
water craft, diesel drive, power stations, 
or where d.c. is available. The solenoid 
can be used to operate from a.c. by using 
a provided rectifier. It is frictionless, 
powerful, adaptable and slightly larger 
than a pocket watch in diameter. In- 
cluded also is an exploded view, an il- 
lustration conveying the torque charac- 
teristics. George H. Leland, Development 
Engineering, 123 Webster St., Dayton 2, 
Ohio. 

M-362 Variable Voltage Transformer. 
12-page 8%” K 11” Bulletin No. 149A de- 
scribes and illustrates the Powerstat 
which regulates power input (and hence 
temperature) of many types of electric 
furnaces and ovens. Features such as 
rating, efficiency, applications and con- 
trol possibilities are given consideration 
in this bulletin. Superior Electric Co., 
gristol, Conn. 

M-363 Plugs for Aircraft Electrical 
Circuits, 68-page 8144” X 11” book desig- 
nated as Type K Bulletin describes and 
illustrates “Type K” and “RK” plugs, 
receptacles, dust caps, junction shells, 
stowage receptacles for aircraft, instru- 
ments, radio, motors, geophysical equip- 
ment and general electrical applications. 


Cannon Electric Development Co., 3209 
Humboldt St., Los Angeles 31, Calif. 
M-364 Portable A-c. Test Sets, 24- 


page Bulletin GEA4477 describes and 
pictures a complete line of portable a-c. 
test-sets which range from 2000 to 150,- 
000 volts. This illustrated bulletin enables 
the user of high-voltage testing equip- 
ment to compare the features and rat- 
ings of various available standard <e¢ts. 
Covered in this bulletin are small insul- 
ation testers, oil testers, and larger gen- 
eral-purpose test sets. Listings and de- 
scriptions of sphere gaps and current- 
limiting resistance assemblies for use 
with a-c. testing sets are also included. 
General Electric Co., Schenectady 5, N. Y. 

M-365 “The Capacitor.” 16-page 5%” x 
71%” September issue of this house organ 
designated as Vol. 10 No. 9 features an 
article on Tone Control Circuits with 
instructive diagrams; and another article 
(continued from previous issue) on 
Power Transformer Servicing. Latter in- 
cludes a data chart that should prove 
useful when rewinding primaries for 
transformers. Five pages of “The Radio 
Trading Post” for those who have a legit- 
imate wanted, sell or swap proposition 
to offer. Cornell-Dubilier Electric Corp., 
Hamilton Blvd., S. Plainfield, N. J. 

M-366 Hermetically Sealed Instru- 
ments. 4-page folder designated as Form 
4545-T pictures and describes instru- 
ments hermetically sealed and various 
tests to which they were exposed in order 
to study the behavior and the resultant 
effects. Several models are covered in this 
folder and disassembled and cross-sec- 
tional views convey the completeness of 
the sealing. Triplett Electrical Instru- 
ment Co., Bluffton, Ohio. 

M-367 ‘“Selving Industrial Crimes.” 
16-page 4%” X 5%” booklet (designated 
as “Case No. 31") describes and pictures 
graphic instruments used by various in- 
dustries to recognize and remedy unex- 
pected waste; high-speed recorders and 
indicators provided with external motors 
to speed chart up to 3600 times normal 
rate; recording ohmmeters; time record- 
ers; relays; long-distance transmitters; 
pressure recorders and portable current 
transformers, Esterline-Angus Co., Inc., 
Indianapolis, Ind. 

M-368 Radio and Electronic Equip- 
ment. 36-page 8%” X11” catalog illus- 
trates such items as: electronic receiving 


Page 950—Instruments—Vol. 18 





tubes, test equipment, panel meters, M-373 “The General 
timers, soldering irons, electric drills, memnter.” 8-page 6” x 94” 
photoelectric controls, floatless level con- 1945 issue (Vol. XX No. 


trols, furnace reversing drum controllers, 
switches, fluorescent lighting testers, os- 
Walker-Jimieson, 
Chicago 12, IIl. 
Combustible Gas Indicator. 4- 


cillographs, etc. 
311 S. Western Ave., 
M-369 


page 8%” X 11” Bulletin No. 
and pictures continuous combustible gas 
continuously 


indicator which 
and handles any 
vapor. The operation 


Williams, Ltd., 847 
Alto, Calif. 


M-370 Automatic Radio Compass. 
designated as 
Series MN-31 describes and picturesacon- nace 
tinuous-indicating automatic radio com- 
pass and gives the performance specifi- 
cations and salient features. Bendix Radio 
Div. of Bendix Aviation Corp., Baltimore 


page 8%”x 11” folder 


4, Md. 


M-371 Safety Control System for Shut- 
4-page 81%” x 
“Type R-18” 
control system for shut-down on diesel types 
engines when temperature of circulating 
water system becomes too high, or when 
lubricating oil pressure is low. Also sum- 
procedures, as a cutaway 
showing 
ment features. 
St., 
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Viking 
Conn 
M-372 
8” August issue (Vol. 


“C-D Capacitor.” 


house organ features two articles: one on 
Push-pull amplifiers and Phase Invert- 
on Power 
“Radio Trading 
occupies 5 pages of items listed to 
Cornell-Dubilier Elec- tures 
these devices. 
Jackson Blvd., 


ers; and the other 
former Servicing. The 
Post” 
sell, swap or buy. 
tric Corp., 
field, N. J. 


ADVERTISERS' 


analyzes 

combustible 
principles and a 
cutaway view are also included. Johnson- 
Emerson S8t., 


operating 
Instruments, Inc., 


16-page 5” x 
10 No. 8) of this ing Devices. 


Hamilton Boulevard, S 





drive, 


11 describes 


gas or 


Co., 1603 


M-375 


safety 


drawings. type 
Stamford, 
13 Arch 

M-376 


lution 


Trans- winding 


Plain- 
702 W. 


275 Mass. 


Industry. 


frequency 
resonant-reed 
reed characteristics are 
view of the 
construction 
James G. Biddle ( 
Pa. 


counters; 
mation which 
advantages and 


With Impedance 
Balancing 


Ave., 


12-page 


regulator, 
Bulletin includes brief discussions 
controls as well as features of the 
pany’s jet regulator. 
S. Michigan Ave., 
Vibrating Reed Frequenc) 
7%” X 10%” 
and describes the \ 
of this company’s vibratin: 
Explanations 

principle and 
included, : 


( ters. 16-page 
1770 illustrates 


INDEX 





Accuracy Scientific Instrument 


Company IS LM 915 
Aerovox Corporation A1S 
Air Express Division, assiilind 

Express Agency . ; 903 


American Chain & Cable Co. 947 
American Cystoscope Makers, 


Inc. ...912 
American Gas Accumuiater Co. 940 
American Optical Company..........941 
American Time Products, Inc....A34 
Ames Company, B. C.................915 


Amthor Testing Instrument Co. 929 
Arnold Engineering Company.....922 
Askania Regulator 


Company ............ A30, 940 
Associated Research, Inc...........938 
Atlantic Refining Co. 933 
Automatic Electric Mfg. Co......937 
Bailey Meter Company... AS 
Bakelite Corporation __.. 907 


Ballantine Laboratories, inc... 932 
Barton Instrument Company.......937 
Biddle Company, James G.......Al5 


a 
Bradley Laboratories, Inc. Al6 
Breeze Corporation, Inc....... 898 
Bridgeport Thermostat Co... All 
Brown Instrument Co... rs A7 
Burgess Battery Company 941 
Burlington Instrument Corp......925 
Chace Company, W. M... $85 
Chelsea Clock Company..............929 
Chicago Metal Hose Corp. ..902 
Cinaudagraph Corporation A20 
Clarestat Manufacturing Co... ...903 
Cohn, Sigmund _..... 926 


Conant Electrical Laboratories 931 
Consolidated Engineering Corp..A29 
Corbin Screw Corporation..........919 
Defender inst. & Reg. Co.. 921 
Dillon & Co., Inc., W. C......912 
Distillation Products, Inc 
Drake Manufacturing Company....936 





Du Mont Labs., Inc., Allen B. 
Electro Products Labs., Inc. 
Electro-Tech Equipment Co.. 
Eppley Laboratory, Inc. 
Federal Products Corporation. 
Fenwal, Incorporated 
Fish-Schurman Corporation . 
Foxboro Company, The 
Gaertner Scientific Corp., The 
General Electric Company 
General Radio Company 
Gotham Instrument Company 
Hammel-Dah! Company 


939 
912 
A35 
935 
929 

Al 
943 


...Inside Back Cover 


H- B ‘tastrenent “aya age 
Helse Bourdon Tube Co., | 
Hewlett-Packard am. 
Hopp Press, Inc., The 

Iilinols Testing Labs., Inc. 
Indiana Steel Products Co., The 
International Resistance Co 
Kester Solder Company.. 


Als 


..908 


Keystone Carbon Company, Inc...909 
Leeds & Northrup Company A36 
Lewis Engineering Company AS 
Liquidometer Corporation _. 908 
Littelfuse, Inc. A23 
Madison Electrical Products 

CRBs ous ‘ 924 
Marion Elect. Instr. Co... A31 
MB Manufacturing Co. 901 
Mead Specialties Company ...906 
Measurements Corp. _.....Back Cover 
Meriam Instrument Co... 905 
Minneapolis- Honeywell 

Regulator Co. A6-A7 
Mobile Refrigeration Div. Al2 
Moeller Instrument Company.....913 
Moisture Register Company 905 
Ohmite Manufacturing Co. _....911 
Palmer Company, The... 934 
Permo, Incorporated . 933 
Philadelphia Thermometer Co. 937 





general 


to 


meters. 





precision tuning fork with vacuur 
and gives information on the 
Inc., ating characteristics, 
tures and 


input 


Philadelphia, 
Counting, Timing and Re 
8-page 814” x 11” 
describes and illustrates stroke ; 
counters, 
and 
also includes 


electric 


predetermined 
application 
brings out the si 
specificatior 
Production Instrument 
Chicago 6, 


Pyrometer Instrument Co. 
Railway Express Agency... 
Rawson Electrical Instr.. 
Refinery Supply Company 
Rex Rheostat Company 
Rhodes, Inc., M. H. 
Roller-Smith Company __ 
Rubicon Company ___. 
Seedburo Equipment Company 
Shallcross Manufacturing Co. 
Shore Instrument & Mfg. Co. 
Simplex Valve & Meter Co. 
Sola Electric Company... 
Speedway Manufacturing Co. 
Spencer Wire Company, The 
Sponge Rubber Products Co. 
Standard Transformer Corp. 
Sticht & Co., Herman H. 


Struthers-Dunn, 


Superior Electric Company 


Tagliabue Division, Portable 
Products Corp..... 


Taylor Instrument Companies 
oo 89 


Teleoptic a; The 

Televiso Products, 1! 

Trimount Instrument Co. 
Trinity Equip. & Supply Co. 
United Transformer Company 
Universal X-Ray Products Co. 
Wallace & Tiernan Products 


Inc. 


Waltham Screw pueden 
Ward Leonard Electric Co... 
Warren Telechron Company 
Weksler Thermometer Co... 
Welch Mfg. Co., W. M....... 
Westinghouse Electric Corp. 
Weston Elect. Instrument Corp. 
Worley Jewel Ce., 
Wrigley Jr. Co., Wm 
Zenith Optical Laboratory 


Radio 


constructiona 
specifications. 
includes an article on Production TT; 
Bridges, and anot} 
79 Millionths 
With Aid of Strobotac. General Rad 
Cambridge $ 
M-374 Automatic Control 
8% ” Dd 11” 
Palo No. 127 describes the role automatj 
trol has played in the glass indust; 
8- gives diagrams of a modern glass 
that uses various 
pressure 
heat 


controls such 
regulator, 
regulator 


Askania 


cord- § 













































































-@ N 
* POTENT’ 
* °YROME 









Boe PERFORMANCE 


DUE TO ACCURATE TEMPERATURE INDICATORS 








lhe LEWIS ENGINEERING CO. 


Bneciallals in Crigsp eel lice (ae 


T° POTENTIOMETERS © © © © © © SELECTOR SWITCHES *© © © © @ © © © © THERMOCOUPLES @ 
*PYROMETERS © © © © © @ RESISTANCE THERMOMETERS © © e PROTECTION TUBESe 


a 





December 1945—Instruments—Page AS 















C o 0 0 0 


sd Sr 


oO : Gh. — pag 


ADVANCES PROCESS CONTROL 






THE BROWN ElectroniKK Potentiometer—which 
affords greater sensitivity, accuracy and speed—has 
played a major role in advancing the development of: 


Better steels; 
Mass production of synthetic rubber; 
New techniques in oil refining; 


Increased quality and production of 
ceramics, plastics, medicines, foods 
and hundreds of other products. 


Their approval in plants operated by the compa- 
nies featured on these pages is evidenced by the num- 
ber installed. Ordered and re-ordered during the war, 
Brown ElectroniK Potentiometers are now available 
for peacetime production involving quicker, easier and 
better ways of producing the nation's expanded needs. 


Pratt & 







The Brown ElectronikK Potentiometer, operating 
on the “Continuous Balance" principle which employs 
a compact electronic detecting unit (instead of a gal- 
vanometer), provides continuous measurement and con- 
trol of industrial process temperatures. It is the in- 
dustrial control instrument of tomorrow—TCDAY! 
Write for catalog. 








o o. 


BROWN 







THE BROWN INSTRUMENT COMPANY, a divi- 
sion of Minneapolis-Honeywell Regulator Company, 
4482 Wayne Ave., Philadelphia 44, Pa. Offices in all 
principal cities. Toronto, Canada; London, England; 
Stockholm, Sweden; Amsterdam, Holland. 
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POTENTIOMETERS 


OPERATE ON" : 
CONTINUOUS BALANCE PRINCIPLE 








These experts 
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Industrial Sales, Ashland, Mass. 


Cc. B. DIX, Sales Engineer 
Ashland, Mass. 

















YOUR 


questions about 


Telechron Motors 





ARTHUR H. RIPPAS, New York 


Telechron’s Motor Advisory Service is 
staffed by application engineers. They 
can tell you how Telechron self-starting 
synchronous electric motors may be 
applied to your product—how quickly 
and economically they can be installed 





—how they'll perform under varying 
RUSSELL T. WOODWARD, Cleveland 





conditions of moisture and temperature. 


There’s one of these experts within 
easy reach. It’s his job to help you build 
a better product at lower cost. Tell him 
what you need in the way of speed and 
torque, and the operating conditions 


the motor must meet—he’ll recommend 





the one motor you should have. Send 


him a sample of your product—engi- 











neers at the factory will install a motor 
and test it in actual operation. by 

The Motor Advisory Service is one of 2. I 
the plus values you get with long-life, sei 
dependable Telechron motors. For full yi 4 
details, consult one of Telechron’s field bric 






engineers. Motor Advisory Service, 






Dept. B, Warren Telechron Company, 
Ashland, Massachusetts. 


Telechron 


REG. U.S. PAT. OFF 














J. H. BLINN, Denver WARREN TELECHRON COMPANY, ASHLAND, MASS. JOHN W. BABB, Chicago 
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THE BAILEY PYROTRON 


As a resistance thermometer the Pyrotron indicates, 
records and controls temperatures between-100°F.and 
1200°F. It simultaneously records as many as four tem- 
peratures on its 12-inch chart, or may record and control 
as many as two temperatures. 


An independent continuously connected measuring cir- 
cuit serves each recording unit. These circuits are kept 
in continuous balance by sturdy motion-free electronic 
detectors which do away with the delicate parts and 
“step by step’ action of galvanometer type instruments. 


Indicating, recording and controlling instruments are 
furnished in rectangular casings as illustrated. Indi- 
cating and controlling instruments are furnished in 
12-inch round type casings. 


CHOICE OF THREE CONTROLS 


Bailey Pyrotrons are furnished with the following types 
of Automatic Control: 


1. AIR OPERATED—Uses standard Bailey Pilot Valves, 
air relays, control valves and control drives. Operates 
by compressed air at 35 lb. pressure. 


2. ELECTRONIC—Uses standard electronic control panel 
operated from a control bridge in the Bailey Pyrotron. 


3. ELECTRIC CONTACTS — Uses micro switches on 
slidewire unit or electronic relay operated from control 
bridge in the Bailey Pyrotron. P-5 























UNUSUAL FEATURES OF 
THE BAILEY PYROTRON 


Suitable for severe service where vibration 
and shock exist. 


Measuring circuit operates from instrument 
power supply eliminating need for standard 
cell and dry battery. 


Sturdy electronic system maintains continuous 
balance. 


Motor drive furnishes abundant power to op- 
erate recorders,controllers and alarm switches. 


Two recording controllers may be housed in 
one casing. 


Electronic units may be interchanged without 
disturbing instrument calibration. 


For details, request Bulletin 230-A “Bailey Pyrotron Electronic Resistance Thermometer” 
Bailey Meter Company, 1041 Ivanhoe Road, Cleveland 10, Ohio. 
In Canada—Bailey Meter Company Limited, Montreal. 


BAILEY METER COMPANY 


2a IVANHOE Pas ° ° 


CLEVELAND 10, OHIO 
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with WESTONS ON ALL PRODUCTION 


TEST-STANDS AND INSPECTION EQUIPMENT! 


With the race for markets in full swing, electrical manufacturers are 
eliminating costly production bottlenecks by providing uniform depend- 
ability in testing procedure all along the line. From the inspection of 
purchased components right through to final product inspection, they 
insure accurate testing by using instruments they can trust. 

And it’s easy to insure measurement dependability at every step, 
because there are WESTONS for every testing need . . . including types 
for all special test-stand requirements, as well as a broad line of multi- 
range, multi-purpose test instruments. These compact, multi-purpose 
testers often afford new simplicity and economies in testing procedure, 
while assuring the dependability for which WESTONS are renowned. 

Literature describing the complete line of WESTON panel and test 
instruments is freely offered . . . Weston Electrical Instrument Corpora- 
tion, 591 Frelinghuysen Avenue, Newark 5, New Jersey. 


Weston Z 


GRAMURSONVILLE + KNOXVILLE - LOS ANGELES - MERIDE" 
FSTER * SAN FRANCISCO * SEATTLE « ST. LOUIS » SYRACUS 2 
erlite Devices, Ltd. 


ALBANY + ATLAN TR » BUFFALO + CHICAGO + CINCINNATI » CLEVELAND + DALLAS + DE 
MINNEAPOLIS - NEWAI * NEW YORK * PHILADELPHIA > PHE 
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ODAY ... manufacturer after manufacturer is turn- 
f go to Bridgeport Thermostat . . . not only for 
bellows and bellows assemblies . . . but for the com- 
plete solution to all bellows application problems. 


In the first place . . . Bridgeport maintains an ex- 
tensive engineering organization to give prospective 
customers and customers a complete service in de- 
signing, experimentation, production, testing, etc. 


Complete assemblies . . . Bridgeport’s plant is 
equipped with precision machines manned by highly 
trained mechanics to turn out assemblies at low cost 
and in any quantity. 
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=~ YOUR PLANS COME TO LIFE... 
EXACT...ON TIME! 


Many manufacturers, therefore, find it more eco- 
nomical to purchase complete assemblies rather than 
buy the individual bellows and then produce the as- 
semblies themselves; especially since the training of 
personnel and the installation of equipment is often 
quite an expense item. This is doubly true if the as- 
sembly is to serve as a thermostat . . . here the filling, 
sealing and calibration must be executed with infinite 
pains to produce a precision instrument for con- 
tinued satisfactory performance. 

7 i x 

Any inquiry will receive prompt, careful considera- 

tion. In the meantime write for catalog XE-100 
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NEW INDUSTRIAL MODEL 
Adaptable to Shop Manvfactur: 


or Laboratory Test Operations 








SPECIFICATIONS: 


@ 13 cubic ft. capacity. 


@ Available for three temperature ranges: 
from +160° F to —50, —76° F and 
—100° F. 


@ Vacuum pump in base. 


@ Temperature control as usual, by ex- 
ternal dial within +2°F of setting. 


e Humidity—20% to 95%. 
@ RH optional at slight additional cost. 


REAR VIEW 


Showing Inspection Window 









































BOWSER, INC. 


Mobile Refrigeration Division 
420 Lexington Avenue, New York 17, N. Y. 
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W&T Mercurial Barometer 


This multi-purpose instrument is 
“tops” as a mercurial barometer — but 
that’s only the beginning of its useful- 
ness. It won't gather. dust on days 
when precise barometric readings are 
not required, because you will find it 
equally convenient and accurate for 
measuring any pressure (or vacuum) 
up to 31 inches of mercury. 


Temperature corrections are taken 


care of by merely setting the tempera- 


Also useful as a Manometer — 
Differential Pressure Indicator 
—Differential Vacuum Indicator 











ture dial. All computations are elimi- 
nated and pressures are read directly 
and instantly. 

Readings, to 0.005 of an inch of mer- 
cury, are permitted by observing a 
knife-edge float — rather than a menis- 
cus—through a magnifying eyepiece. 

i a 

Write for full technical information 

on the uses and construction of this 


precision instrument. 
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New Engineering Handbook on Permanent Magnets 


permanent magnets; an outline of basic 
types, with associated air-gaps; material 


If you are considering any application of 
rmanent magnets to your product or manu- 
acturing processes, you are welcome, without 
charge, to a copy of this new Manual. 
This is a 32-page, illustrated reference work 
on magnets, prepared by the engineering and 
research staff of the world’s largest producers. 
It contains data on the functions of 


*** THE INDIANA STEEL 


6 NORTH MICHIGAN AVENUE, CHICAGO 2, ILLINOIS 
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characteristics; and information on their 
engineering, designing and manufacture. It 
has many useful formulae, charts, graphs and 
diagrams, of constant reference value. 


Write today for your free copy of this Manual. 
Consultation with our engineers is invited. 


PRODUCTS COMPANY - 


Copr. 1945, The Indiana Steel Products Co. 
SPECIALISTS IN PERMANENT MAGNETS SINCE 1910 
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BRADLEY# 
LABORATORIES, INC. | 


82 MEADOW ST., NEW HAVEN 10, CONN. =|” 
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Testing tensile strength in one 
of our fine wire finishing rooms. 


Yes, only one of the many 
tests Spencer Wire is subjected to before 
the best fine wire is incorporated in your 
product. The coating, the physical charac- 
teristics and the chemical composition of 
each run of wire is controlled in our labora- 
tories and wire drawing rooms. Beryllium- 
Copper, Phosphor Bronze, Stainless Steel, 
and High Carbon Steel Wire, in exacting 
sizes are made to your specifications. 
Consult our Engineering Department for 


the solution to your fine wire problems. 


“SPECIFY SPENCER’ 


WSs exact specifications 


—* SPENCER. W OMPANY 


WEST BROOKFIELD PLANT 


WEST BROOKFIELD - MASS. 
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To Measure 
Compressor Efficiency! 







































































Wr the hookup shown, compressor 
efficiencies can be measured more accu- 
rately, more easily, and more quickly, than 
by conventional means. 

In addition to functional compressor 
design studies, Trimount Dynamics 
Measurement Equipment can measure 
and record: cylinder head pressures, 
induction system and fuel system pres- 
sures, air scoop pressures, strain, torque, 
shock loads, etc. Write for literature today! 


INSTRUMENT COMPANY 
37 W. Van Buren St. Chicago 5, Illinois 
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... OF LABORATORY 
ACCURACY 


Where problems are encountered in 

maintaining, checking or controlling 
vital heating or cooling operations, H-B Thermom: 
ters provide an effective solution. These time-proved 
instruments are precision engineered to meet the 
toughest industrial needs for accuracy, endurance 
and trouble-free operation. Being highly sensitive 
to temperature change, H-B Thermometers help make 
production operations temperature-perfect. For in- 
formation and prices, write for Bulletin — H-B 
Instrument Company, 2525 No. Broad Street, 
Philadelphia 32, Pa. 


DOUBLE 
THERMOMETERS + THERMOSTATS + RELAYS 
THERMO-REGULATORS + HYDROMETERS 
DIAMOND 


For Gas Density Tests 
ii,il, 





GAS GRAVITY BALANCE 


Will give dependable and accurate 
results on wet gas, as well as on dry 
natural gas and artificial gas. Designed 
for use in the laboratory, plant or field. Will give 
results that can be checked to within 3 points in the 
fourth place, Affording maximum portability, it can 
be rigidly locked for transportation. Each unit is 
completely equipped with needle valves and carry- 
ing case. ° 


This instrument, adopted by The Natural 
Gasoline Association as the means for 
determining the specific gravity of natural gas. 


THE REFINERY SUPPLY He 


io 


Sis] 


e TULSA 3, OKLA 











@ Outstanding production equipment in the hands of Aerovox 
craftsmen, accounts for these veritable capacitor dreadnaughts. 
In exacting services such as radio transmitters, heavy-duty 
electronic equipment, and in the electric power field, these 
units have won citation after citation for exceptional rugged- 


ness. 
Such ruggedness stems from the Aerovox winding facilities 
second to none. Special winding machines insure that the 
multi-layered sections are uniformly and accurately wound 
under critically-controlled tension. Also, a system of impreg- 
nation tanks, pumps and control equipment guarantees the 
necessary drying after vacuum impregnation that is positively 
unexcelled by any impregnation process anywhere. 
Hermetically-sealed welded steel containers; heavy-duty 
porcelain insulators; cork gaskets and pressure sealing; non- 
ferrous metal hardware; silver-soldered joints; sturdy mount- 
ing means—these are the externals of these capacitor dread- 
@ Interested? naughts. Standard listings of Type 20 up to 50,000 v. D.C.W. 
Write for detailed literature. Capacitances from 0.1 to 10 mfd. 





= 


AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S.A. . SALES OFFICES IN ALL PRINCIPAL CITIES 
mport: 13 E£. 40 St., New Yorn 16, N. Y. - Cable: ‘ARLAB’ - In Canada: AEROVOX CANADA LTD., HAMILTON, ONT 


é 
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I'm supposed to do a certain job. The manufactur 
made me according to the blue prints you sent hi 
and he tested me thoroughly but how are you goi 
to find out if I'm really what you want for the je 
that has to be done? 





It's simple. Just rig up a search coil of the proper si 
and a ballistic galvanometer (two bits for that on 
and you can put me through a pretty good third d 
gree of your own. There also are other ways of tes 
ing me and the people who made me—CINAUD 
GRAPH—will be glad to send you instructions how ! 
make simple test units. Write for their booklet PEI 
(left}—Cross-section of single-layer search coil MANENT MAGNET DESIGN. 


right)—Circuit asuring th : 7 
“eo Ps woe yathoag cade — nies This booklet contains more than a dozen pages of re 

; meaty information about permanent magnets. It di! an 
cusses mounting, testing and casting and heat-treall, com 
senate ing insofar as they apply to design. This booklet we indicate 

prepared by the chief engineer of CINAUDAGRAP! bial 

$TD MUTUAL Sit ennai He and his associates have helped many a manuiaq Rawk 
aan —e turer of electrical instruments or apparaius to get Of.) pro 
the right track insofar as permanent magnets are COMMermo-M 


cerned. u get | 
bans of 


ie! CINAUDAGRAPH @ 


CINAUDAGRAPH CORPORATION CORPORATION | 


4 Selleck Street Stamford, Connecticut 
12-CC-2 
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4h fee! 
Merk ce 
DT-1THERS 


geek 
_ ~~ RA" 


HERE 1S HOW IT WORKS — 


s 10, 

ove 10 times normal current the magnetic trip oper- . 
. From 10 times down to 1.25 the circuit opens after 
indicated time delay. ae 


If you want to avoid expensive breakdowns of 
ulpment due to unsafe overloads, you need the 
al protection of the Roller-Smith type DT-1l 


TIME IN MINUTES 


‘ 


etan ' ; : 
[eg ee 
e Care riot “e “YS Vas. 


wee Pert Ss 
We ss ¥ 





s before the winding temperature of the protected 
equipment becomes dangerous. There is a time 
delay before the relay opens which runs around 
10 minutes at 125% rated load and 15 seconds at 
1000% rated load. The magnetic trip operates 
instantly for currents in excess of 10 times rated 
load, the control circuit opens and the equipment 


“Pmo-Magnetic Relay. ; comes off the line. For detailed information on the 


u get protection from dangerous overloads by 
rans of a bimetal relay that opens the circuit 


ROLLER SMITH 


Sth head: Beitiuuuil 


BETHLEHEM-PENNSYLVANIA 
In Canada: Roller-Smith Marsland, Ltd., Kitchener, Ontario 


STANDARO AND PRECISION ELECTRICAL INSTRUMENTS ©® AIRCRAFT INSTRUMENTS * SWITCHGEAR 
AIR AND QIL CIRCUIT BREAKERS © ROTARY SWITCHES ° RELAYS ° PRECISION BALANCES 


application and operation of the DT-l overload 
relay, write for Catalog 6240 to Department IN-6. 
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Here's the ACTUAL SI1IZI 


In announcing another new and smaller POWERSTAT variable transfo- mame 

SUPERIOR ELECTRIC COMPANY offers in the Type 20 all the desirable characteristics of rg | 

POWERSTATS together with design features only applicable to a unit of this size. Use of speciiit 
core materials and an unusual mechanical arrangement permits mounting on 1% inch radi 
The space required behind the panel is only 3 9/16 inches. Although small in physical dimensio 
the rating of type 20 illustrates the advanced desig 
and high quality workmanshi 


Input: 115 volt, 50/¢ 


cycles, 1 phase. 


Output: 0 to 135 vold 


3 amperes, 405 va. 
Weight: 3.9 lbs. 


Questions regarding 
technical data, delived ment 
of ptice will be gid 
answered by any SEC 


engineer. 


Send for Bulletin S/ 


THE NEW 





431 LAUREL STREET, 
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High-speed 8 AG Instrument Fuses are another Littelfuse Rocuiteal 


a. s 
rdingg first—the first to protect under %4 amp. and, for over 18 years, sess continue 










a reliable protective fuse for safeguarding delicate instru- mC) Today, 0%" gn custom- — eee) 
liveg ments — galvanometers, microammeters, thermocouples, rcul to expand erat ommend our CIRCUIT SA 
vlad milliammeters, radio tubes, testers, rectifier tubes, etc. wmeu) ers pina manufacture ss m8 CIRCUIT S| 

: The Littelfuse patented construction insures consistent reul Pe automobiles os 4 _—-EARCURT SA 
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These “quicker than a short circuit” Littelfuses are available Cimecur: on whic mely: 4 4” 
in current ratings from 1/200 amp. to 2 amps. at 250 volts or aes ounded, = nd materials 
less (1" x 14" dia.) Re workmanship ¢ precision im 
i : : : : ho ~ or 
Also available—wide selection of instrument fuse mountings CIRCUIT PRE ich makes J° and safety 
and fuse extractor posts. RCUIT SAF circuit protection 







LITTELFUSE INCORPORATED Farge — a 
RCUIT ‘SAF resident 


4757 N. Ravenswood Ave., Chicago 40, Illinois P 
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Plants in Chicago and El Monte, California. 
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WEKSLER 


Instruments to Indicate and Record Temperature, Pressure and Humidity were 
nearly 100% drafted for war jobs all over the globe. We are proud that instru- 
ments bearing the name of WEKSLER made good—EVERYWHERE— in the sky, 


over and under the sea, in research and in production. 
































Deck Thermometer 





Now that victory is finally ours, WEKSLER again can promptly supply Industry 
with all types of ruggedly built, lastingly accurate Thermometers, Hydrometers, 
Hygrometers, Psychrometers and Gauges—for use wherever Temperature, Pres- 
sure or Humidity is a factor in research or manufacture. 


YOUR INQUIRIES ARE EARNESTLY SOLICITED! 


WEKSLER THERMOMETER CORPORATION 
52-56 West Houston St., New York 12, N. Y. 
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HERE ARE ALL THE FACTS ABOUT THE 


SIMPLEX TYPE MO METER 
‘lhe High - peeceuracy Flow Kate Meter 














CHART I99 


























Write today for your copy of Sulletin SOO 


which details the operation, use, specifications, and 
accuracy of the Simplex MO flow rate meter. Speci- 
fied by operating men and management from coast 
' to coast. 


SIMPLEX VALVE & METER COMPANY 


6786 UPLAND STREET, PHILADELPHIA 42, PA. 
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INTRODUCING! 


. . . MARK-TIME'S LATEST CONTRIBUTION 
TO A FAMOUS LINE OF TIME SWITCHES 


Here is an opportunity to 
add new features to your 
product. Our Engineering 
Department will be 
pleased to consult with 
you. 
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| Automatically switches electric current ON or OFF at 
* completion of a pre-selected time period. 


2 At the end of this time cycle, the New Mark-Time Double 
® Purpose Timer sounds a clear ringing signal. 


3. Underwriters approved switch mechanism. 


Our latest device combines 
all the advantages of a time 
switch with those of an inter- 
val timer. 

For instance, the housewife 
who loads her washing ma- 
chine and proceeds with 
other household chores will 
be reminded with a mellow 


M. H. RHODES, 


MANUFACTURERS @® HARTFORD 6, CONNECTICl 


note from the New Mark-T:me 
Double - Purpose Timer that 
the device has switched off 
the machine. 

Similarly, many industrial 
operations may be controlled 
with this versatile time switch 
—the latest addition to the 


Mark-Time family. 
INC 








PICROPHONE AND THERMO-COUPLE SWITCHING CIRCUITS... 


and other extremely low power control applications 


The Struthers-Dunn a-c operated Type 91XBX100 Relay 
has double-pole double-throw, make-before-break contacts 
that are especially designed for handling milli-volt, milli- 
ampere, and milli-watt loads. Each moving contact consists 
of six laminations. The long sliding motion of the six DISTRICT ENGINEERING OFFICES 


contact surfaces results in extremely low and constant con- 
tact resistance, thus assuring electrically smooth perform- 
ane ** “an i i H ATLANTA « BALTIMORE + BOSTON ¢« 
ance * must” in audio frequency or recording instrument eo EE 5. ag ham 
SUCRE CEE: rn CLEVELAND + DALLAS + DENVER + 
The metal mounting plate acts as a shield, isolating the DETROIT « HARTFORD + INDIANAPOLIS 
magnetic structure from the contacts, minimizing the pos- + LOS ANGELES » MINNEAPOLIS » MON- 
sibility of induced a-c hum in the contact circuits. tates pap oben sy Barbed agesnapal : 
Operating coils are available for use on standard voltages cua « tennee 
up to 230 volts a-c, 60 cycles. 


STRUTHERS-DUNN, Inc., 1321 Arch Street, Philadelphia 7, Pa. 


STRUTHERS DUNN 
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IN THESE CITIES TO SERVE YOU: 





The man with the shotgun was plenty tired 
of the drubbing his shoulder took every time he 
fired. Then his dealer sold him a recoil pad 
of resilient Spongex* cellular rubber! 

It was the old story of the thump and rattle 
and jar that wears on both product and owner 
... the cause of premature old age in products 
—from vacuum cleaners to automobiles. If 
you've been hunting for a shock absorbing 
material that will make your product vibration- 
free, more salable—think of Spongex. 

The way it goes in and licks any number 


of tough product problems has spread its use 


VielOsdGdo 









SPONGE RUBBER PRODUCTS CO. 


SPONGEX* CELL-TITE* 


d 


®rRADE MARK REG U.S. PAT. OFF. 


YOU'LL NEVER GET A KICK OUT OF THIS! 


into hundreds of applications for cushioning, 
sealing, insulation, sound dampening, gasket- 
ing, protection against dust, moisture, gases. 
Can be made in sheets, pads, slabs, cord, tubing, 
strips, molded forms and die-cut shapes. 

We are operating at peak capacity on indus- 
trial production and may not be able to produce 
what you need for some time—perhaps not 
until crude rubber is plentiful. However, if 
your need is urgent, write us and we shall try 
to help you. Sponge Rubber Products Company, 
236 Derby Place, Shelton, Conn. Sales Offices: 
New York, Chicago, Detroit, Washington. 






, 





TEXLITE TEXLOCK 
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future... 


The future of American industry is indeed bright...for the knowledge 
and skill acquired...the new and advanced methods of manufacture 
and production developed of necessity in the past few years are now 


available to manufacturers in all lines of activities. 


Consolidated’s line of vibration and strain measuring equipment proved its merit to the aircraft 
Gindustry time and time again during the war period. Used under the most tortuous conditions by 
test pilots to seek out damaging strains and vibrations and to record their findings with unfailing 


accuracy, these instruments aided immeasurably in the production of America’s superior air power. 


Now, with the return to peacetime production, Consolidated offers its complete line of accelerometers, 
omplifiers, power supplies, vibration pick-ups and recording oscillographs to the automotive, railroad 
and construction industries and to all manufacturers who have need of these rugged, sensitive, accurate 


instruments with their wide range of application and great flexibility of operation. 


GAN LOOT 


Consolidated’s advanced design, extensive development and precision manufacture, 
ombined with its years of research in the field of sound wave studies and 


vibration measurements, may be of incalculable value to 


i 1s etna ae BSS P 


you. Consult our engineers about your requirements. 
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ASHANIA 


HYDRAULIC 
CYLINDE 


SE A HWlerible Source of 
Aydrauie Power 


The outstanding feature concerning Askania Crank-Type 

: Cylinders which engineers talk about is that once they are 

PRACTICALLY NO : ; 4 ; installed and set, you can forget about them! That's true 

MAINTENANCE . je "he because these cylinders, employing a rotary shaft, are 
VIRTUALLY ‘og een. 8 inherently more oil-tight than the reciprocating type. 


LEAK PROOF ‘ oe Oe The ground ringless pistons not only provide almost friction- 
: less operations... but they also keep maintenance at an 
irreducible minimum. 


Bulletin 126 describes the characteristics of Askania Crank - 
Type Cylinders in detail. Write for your copy today. 


ASKANIA REGULATOR CO 


SeNEe ali Pe 2 t £10 EQUIPMENT COR FORA TI OS eV 8B sivgvit ae F 


1605 S. MICHIGAN AVENUE, CHICAGO 16, ILLINOIS 


HAVE YOU A 
MOISTURE TESTING j 
PROBLEM ? 


If so, let us help you solve it with the Steinlite Electronic 
Moisture Tester . . . which tests a wide variety of products 

. grain, pop corn, nuts, cocoa, dehydrated eggs, carrots 
and many other products, and is constantly finding new 
applications. The fact that more Steinlites’are in use than 
all other makes of electrically operated moisture testers 
indicates that industry recognizes the value of the Steinlite. 





It is almost as easy to operate as a radio. No technical 
knowledge is required, and no previous experience. When 
used by an experienced operator it is “THE ONE MINUTE 
MOISTURE TESTER”. Built by a pioneer organization of 
radio engineers . . . operates on the radio frequensy im- 

a ‘ pedance principle and is calibrated against official oven 
Easy to Make Moisture Tests methods. Sold on FREE TRIAL basis. No money down. 


with a STEINLITE $325.00 F.O.B. Atchison, Kansas. 


Almost anyone can learn to operate the Steinlite in a short 

time. No special education or training is necessary. About 644 Brooks 
all one does is (1) weigh out a sample, (2) pour if into the Buliding 
Steinlite hopper, (3) read a meter dial, and (4) compare the Chicago 6, 
reading with a chart showing percentage ef moisture. fttinois 
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te evolution of electronics will always remain a bright page in the history 
books of science. And the record has been significantly brilliant during the 
past four years when improvements and developments were advanced at a 
faster rate than normal. With the ending of the war, there may be a few who 
do not feel the urgency to progress at a similar pace . . . who will be willing 
to relax the rigid wartime standards. Or there may be those who do not too 
accurately gauge the temper of the consumer, now in a mood to anticipate 
only the best from an industry which has accomplished such miracles in the 
past few years. 


Along with many other far-sighted producers, we here at Marion fully intend 
to maintain our wartime quality pattern, and to cooperate in every known 
way to provide even better products for a peaceful world. We endorse the 
postwar standardization program of the Army and Navy Electronics Stand- 
ards Agency, and will continue to manufacture all Marion electrical indicat- 
ing instruments in conformity with JAN specifications. Our customers have 
a right to expect nothing else. 


It is important to note that continued adherence to the Electronics Standards 
Agency program need not result in increased costs, either to the manufacturer 
or the consumer . . . while it will definitely result in improved product per- 
formance wherever such standardized components are used. 


We, the manufacturers, engineers, consumers of electronics, are part of a 
vital, daring, visionary industry. It is with this realization that we are faced 
with the responsibility of deciding, at this time, whether we can relax, or 
whether we shouldn’t give as much to a world at peace as we gave to a 
world at war. 


Your comments will be welcomed. 


MARION ELECTRICAL INSTRUMENT CO. 


MANCHESTER, NEW HAMPSHIRE 


458 BROADWAY + NEW YORK 13_N Y 


ABLE ADDRESS MORHANEX 
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The High—and Variable “Q” 
of This Circuit Means Rapid, 
Accurate Wave Analysis 


This -hp- Harmonic Wave Analyzer meas- 
ures the individual components of complex 
waves with speed and surety, because of 
the highly efficient composite circuit shown 
above. The variable selectivity of the am- 
plifier is the factor which makes it espe- 
cially useful for measurements at higher 
frequencies. Regeneration is used to give 
the amplifier a high effective “Q,” and a 
degeneration control provides variable 
selectivity. The resulting performance of this 
circuit is shown in accompanying graph. 
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In practical terms, variable selectivity 
means no tedious “searching out” of the 


harmonics to be measured. Yet the finger- 
tip control is easy to manage. This charac- 
teristic makes the -Ap- Harmonic Wave 
Analyzer useful for many applications 
where constant selectivity would be un- 
suitable. Variable selectivity is required in 
measuring distortion of sound on recorded 
film, disks and other cases where there may 
be a small amount of frequency modula- 
tion. It is also used in integrating the noise 
spectrum in acoustic measurements and 
elsewhere when a wider pass band gives a 
more representative integration. 

The -4p- Harmonic Wave Analyzer cov- 
ers the audio spectrum from 30 to 16,000 
cps. There is likewise a wide voltage range: 
full scale voltmeter readings may be ob- 
tained with inputs of .001 to 500 volts. 
Thus the 300A may be used with equal 
success with low output recording devices 
and high power modulating amplifiers. 
Other features which make it unexcelled 
for both laboratory and production testing 
are the linear meter scale, fully protected 
against overloads, and the built-in calibrat- 
ing system to standardize voltage measure- 
ments. With the stability, accuracy, flexibil- 
ity and ease of operation of the Harmonic 
Wave Analyzer, Hewlett-Packard continues 
to set a new standard. 1119 


HEWLETT-PACKARD COMPANY 


BOX 1119-C @ STATION A @ PALO ALTO, CALIFORNIA 


Audio Frequency Oscillators 
Noise and Distortion Analyzers 
Squgre Wove Generators 
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Signal Generators 
Weave Anolyzers 
Frequency Standards 


Vacuum Tube Voltmeters 
Frequency Meters 


Attenuators Electronic Tachometers 

















These -hp- Representatives pro: 
Are at Your Service met 

case 

Eastern Representative: i cark 
Burlingame Associates, Ltd. | cold 

11 Park Place |  (stre 


New York 7, N. ¥.—Worth 2-217) 7 ture 


Midwestern Representative: 
Alfred Crossley 
549 West Randolph Street 
Chicago 64, Illinois — State 7444 
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Western Representative: 






Norman B. Neely Enterprises 
7422 Melrose Avenue 
Hollywood 46, California— Whitney 1147 







Canadian Representative: 





Atlas Radio Corporation 
560 King Street West 
Toronto 2, Canada —Wa 4761 
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QUALITY TESTING 





























mod | Non-destructive testing of 
machinability of metal ~ 
stock to be machined in 
automatic high-speed 
| equipment. — i 
* 
Inspecting iron castings 
for machinability. 
e 


Inspecting mixed lots of 
forged steel. 








Inspecting 150,000pounds 
aa, ofpackaged welding elec- 
| trodes according to anal- 
ysis, without opening the 


packages. 6 





Automatically sorting six 
and a half million copper- 
clad steel cups to discard 
those accidentally re- 
versed in the stamp. 











Sorting large quantities of 
mixed bolts according to 
their SAE analyses. 
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manned by semi-skilled workers, performs metallurgical tests that 
uphold high standards of quality according to predetermined values. 
And it performs these tests non-destructively and instantaneously! 









Checking gears for case 
depth. 









100% quality inspection 
and control of incoming 
materials and outgoing 
products according to 
metallurgical analyses, 
case depth, depth of de- 
carburization, amount of 
| cold working, brittleness 
| (stress gradients), struc- 

)| ture, etc., in either non- 
)\ ferrous or ferrous metals. 


-, 


- ; vase a 
Ba Tas i Dae state an ti ee : in 
































: relimi 
obligation. — 






© ALLEN 8. DU MONT LABORATORIES, INC. 


DOU MONT Fir Factonuine 
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IN CANADA: CYCLOGRAPH SERVICES, LTD.& 494 King St., E., TORONTO, ONT. 
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These tuning forks which include _ signed to test, measure or control 
new engineering principles, pro- other precision equipment by me- 
vide frequencies from 120 to 1,000 chanical, electrical accoustical or 














TOP cycles directly with an unquali- optical means. 
FREQUENCY STANDARD fied guarantee of accuracy to 1 7 
(60 cycle) for use with part in 100,000 over a wide tem- The dependability of these fre- 
external power supply perature range. (Better than 1] ‘¥e"¢Y standards is being dem- 
CENTER second in 24 hours). Closer tol- onstrated for myriad purposes 
P re erances are obtainable on spe- in all climates and under all 
Records time intervals cial order. working conditions. 


ith resoluti 001 d . ° 
wit resolution to OI second "These tuning fork assemblies are _ If you have need for low fre- 





BOTTOM available only in single or multi- quency standards of exceptional 
FREQUENCY STANDARD ‘fequency instruments of our accuracy, your inquiries are in- 
(120 cycles) with own manufacture which are de- __ vited. 


self-contained power suppl y 








American Time Products, Inc. 
580 Fifth Ave. New York, N. Y. 


t Re ) cl 
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Driving torque of over 200 gm.-cms. 
forces accuracy in Foxboro Meter 
Records, despite dirt or scale. 


It's typical of Foxboro’s better-engineering-to- 
the-last-detail that Foxboro Flow Meters have 34 
extra-large floats with extra-long travel. This GMS 
exclusive feature gives nearly double the power force available to 
to prevent frictional inaccuracies. For example, position pen after 
in Type 4 and Type 8 Foxboro Meters, it provides 7” 
pen torque of more than 200 gram-centimeters 
with a float displacement of only 1% of scale 
range. 


Foxboro Flow Meters cost no more than other 
meters of the same type. Yet their rugged, bet- 
ter-engineered design means important extra 
values...easier installation...simpler, less- 
frequent servicing... positive saving of mer- 

@ cury...unvarying accuracy throughout years 
= of use. 








set 
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New Bulletin 200-7 gives detailed information 
on the extra-value features of Foxboro Meters 
for all pressures up to 5,000 lbs. Write for your 
copy. The Foxboro Company, 46 Neponset 
Avenue, Foxboro, Mass., U. S. A. Branches in 
principal cities. 


EXCLUSIVE FOXBORO REFINEMENTS 
e Segmental Lever Transmission gives straight-line calibration. 


e Sure-Seal Check Valves positively prevent mercury losses. 


e Pressur-Tite Bearing eliminates friction of stuffing boxes 
or multiplication for flexure or torque tubes. 


Extra-large Float with long travel gives extra power. 






















MONEY-SAVING 


OXBORO Low metTeRS 


REG. U.S. PAT. OFF. 
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and schematic dia- 
gram of charcoal 
retort at Cliffs-Dow 
Chemical Co., Mar- 
quette, Mich. The 
thermocouples report 
average temperature 
to the Micromax 
Recorder on firing 
floor. 


AVERAGE RETORT TEMPERATURE... 
As MICROMAX Records It for Cliffs-Dow 


For the Cliffs-Dow Chemical Co., makers of charcoal and its by-products, 
the average temperature inside a retort provides a better operating guide than 
does the “smoke neck” or outlet gas temperature. And with 11 Micromax 
Recorders, serving 22 charcoal retorts, average temperature is just what the 
Company gets. Here’s how it’s done: 

In each retort, three temperature measurements are made by the Micro- 
max instrument. Two of these are averages, detected at each end of the retort 
by thermocouples arranged as shown above. The third point recorded is the 
flue gas temperature, detected by a single couple. Guided by these highly 
accurate readings, operators can control more closely the temperatures of the 
retorts and of the flue gas-and-air mixture that goes to the predriers. Both 
quantity and quality of product output are improved as a result. 

Micromax’s easy maintenance scores another point in its favor. The 
Recorder is sturdy and compact; couples can be replaced, even while retort is 
in operation, without disturbing the calibrating of the Micromax. 

Our Catalog N-33A, describing Micromax Recorders, will be sent on 
request, or an L&N engineer will gladly work with you on a specific tem- 
perature problem, if you prefer. 





LEEDS & NORTHRUP 


MEASURING INSTRUMENTS - TELEMETERS + AUTOMATIC CONTROLS - MEAT-TREATING FURNACES 


Irl. Ad N-33A-0702(1) 
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|____CAR RAIL ay 
PLAN- —i 8 
4 Thermocoupiecs : 
in parallel. 
Protecting Tubs 
is in exaggerate: 
scale. 
Installation photo 























LEEDS & NORTHRUP COMPANY, 4955 STENTON AVE., PHILA, PA. 
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The 6-point Micromax Recorder, by keepi! 
a consistently accurate tab on retort tempe! 
ature during the 16- to 24-hour firing c) 

helps Cliffs-Dow manufacture more effici 

ly such products as Cliffchar granular char 
coal (pictured), Cliffchar lump charcoal, 
acetic acid, methanol, creosote, etc. 
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THE FINEST LINE OF DIAPHRAGM CONTROL 
VALVES MANUFACTURED TO MEET YOUR MOST 
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GNAL GENCKATOR 
eo “CER See 
CORPORA THON 

- me tm 


20-—~#a9 
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WOOK 2 
MEASURE MENTS 





MODEL 80 re 
STANDARD SIGNAL GENERATOR 
2 to 400 megacycles 
AM and Pulse Modulation 


Your product design and quality 
control depend upon precision 
measurements. Our years of re- 
search and engineering experience 
MODEL 62 combine to produce dependable, 


VACUUM TUBE VOLTMETER 
0 to 100 volts AC, DC and RF accurate measuring instruments. 


MEASUREMENTS CORPORATIO? 
BOONTON - NEW JERSEY : = 











